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Evaluation of the Hazards of Ozone and Oxides of 
Nitrogen 


Factors Modifying Toxicity 


HERBERT E. STOKINGER, Ph.D., Cincinnati 


Ozone has been established without ques- 
tion to be a component of Los Angeles 
smog.'? As an agent of distress and poten- 
tial has 
mented.* Whether ozone per se is capable 


disease, ozone been well docu- 


of becoming a health hazard in urban atmos- 
New 


information derived from animal experi- 


pheres is less certain, however. 
mentation on ozone atmospheres and on 
nitrogen oxide—ozone atmospheres under 
varying conditions is presented here in the 
hope that it will permit a more exact evalu- 
ation of the potential hazards to urban 
and working populations exposed to ozone. 
This becomes especially important in the 
light of the recent report of Kleinfeld * 
on ozone injury of the lungs among welders 
using the new inert-gas shielded are process. 
These represent the first instances of human 
injury from ozone ever to be reported. 


Lethal Doses 


Ample evidence has been presented,® and 
in what follows, to show that ozone in acute 
exposures is a highly toxic and lethal sub- 


Accepted for publication Dec. 20, 1956. 

Presented at the International Ozone 
ence, Chicago, Nov. 30, 1956. 

Occupational 
Service, U. S. 
and Welfare. 


Con fer- 


Health Program, Public Health 
Department of Health, Education, 


stance. 


The L. 
rodent species are given in Table 1. 


values * for three 
It is 


TABLE 1.—Acute Ozone Toxicity; Lethal Doses 
for Small Animals 
Ozone Concentration: Ppm by Volume 
Duration of Exposure: Four Hours 


Animal Av. 
Species Body 
Wt., Gm. 


Ozone 


L. D. Range,* 


Ppm by Vol.Ppm by Vol. 
Mouse, albino, male_... 3.8 3.6-4.1 


Rat, albino, male....... 48 


Hamster (Cricetus 
auratus), male t 10.5 


seen that the susceptibility or natural toler- 
ance varies considerably with the species, 
the hamster being the least susceptible of 
the Although 
numbers of other species have been exposed 
to ozone 


values, the dog would appear to resemble 


species tested. insufficient 


to determine accurate L. 


the hamster in natural tolerance to ozone on 
the basis of the evidence at hand; the rabbit 
has tolerance between that of the rat and 
the hamster. 


*The L. D.co value is the dose of a substance 
that will, on the average, kill 50% of a significant 
number of animals exposed under specified con- 
ditions. Several experimentally simple and sta- 
tistically sound methods of obtaining L. D.so values 
are available; the one used in this work is that 
of Weil.® 
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3.6-6.4 
* Determined according to method of Weil. * 


Comparison of the L. D.s59 values for 
ozone with those for the industrially well- 
known and highly toxic gas, phosphine, 
shows an L. D.s59 value for phosphine ® of 
60 ppm for the rat under similar conditions 
of exposure, indicating ozone to be approxi- 
mately 12 times more toxic in single acute 
doses. The high toxicity of ozone is all the 
more remarkable when it is noted that but 
one-quarter of the inhaled ozone reaches 
the lungs,” where it produces pulmonary 
edema, hemorrhage, and eventual death. 
Taking this into account, the absolute 
amount of ozone killing the rat is but 0.025 
ml. pure ozone gas at standard temperature 
and pressure, or 50y; a similar value for 
the mouse is 4y of ozone. This assumes 
a respiratory minute volume tf of 100 ml. 
for the rat and 10 ml. for the mouse. The 
order of 1000y of phosphine is required to 
kill the rat, assuming in this case that 50% 
of the inhaled gas reaches the lungs. These 
figures provide striking evidence of the 
highly lethal character of ozone. 

In all experiments reported here, ozone 
was determined by the alcohol—potassium 
iodide method of Smith and Diamond,® 
modified by Byers, Saltzman, and Hyslop.® 
The total oxides of nitrogen were deter- 
mined by the well-known phenol disulfonic 
acid method; nitrogen dioxide, by the spe- 
cific method of Saltzman.?° 


+ The respiratory minute volume is the volume 
of air inspired during one minute by an animal 
while at rest. 


The accuracy 
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of the ozone method is still under experi- 
mental scrutiny. It is possible some fac- 
torial upward revision of the ozone values 
reported here may have to be made at a 
future date. A correction factor of approxi- 
mately 1.5 appears probable at this date. The 
method, however, was the best available at 
the time these experiments were performed. 


Toxicity of Ozone Prepared from 
Air and Oxygen 


Because of the possibility that ozone pre- 
pared by electric discharge | from labora- 
tory, oil-compressed air might have toxic 
qualities different from that prepared from 
oxygen, a series of toxicity tests in mice 


were made at varying concentrations of 


ozone and periods of exposure, utilizing the 


four possible combinations of air, oxygen, 


and air cleaned by scrubbing with chromic 
acid and sodium hydroxide. The results are 
shown in Table 2. It is seen that no con- 
spicuous difference in toxicity to mice oc- 
curred from any of the different means of 
preparation of ozone when tested at con- 
centrations between 4 and 10 ppm; if any 
tendency was portrayed, the ozone prepared 
from oxygen and scrubbed diluting air was 
slightly less toxic than that from air and 
diluted with unwashed air. 

Effect of Concentration and Time.—A 
study was made in 


mice to determine 


Vita Air Ozonizer, 
Milwaukee. 


Vita Aire Process Co., 


Taste 2.—Mortality of Mice Following Exposure to Ozone at Varying 


Concentrations and Times and by Means 


Ozone from Air 
Diluted With 


Exposure 
Ozone Conc., Conc. Time, 


Ozone from Oxygen 
Diluted ‘with 


Ppm CT Value, Unwashed 
A 


50 


Washed Unwashed Washed 
Air or Air Air 
Oxygen 


5/10 
8/10 


5/10 


10/20 


* Discontinual exposure for 6 hr. daily, 5 days per w 


+t Numerator refers to number of animals that died; a to number of animals exposed. 
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15 0/10t 
1 1200° 0/25 
2.5 6 0/5 
10 3/10 
37 4/5 
4 16 6/10 2/10 || 2/20 
6 24 12/20 
48 10/10 
10 20 5/10 6/10 | 4/10 
10 72 10/10 
24 72 10/10 
25 
= 


EVALUATION OF HAZARDS OF OZONE AND NITROGEN OXIDES 


whether ozone obeyed the toxicologic rule 
that the product of the concentration and 
time of exposure produced a constant, toxi- 
cologic response, CT=K, over a concentra- 
tion range of from 1 to 50 ppm. If a 
positive correlation is found, such informa- 
tion permits interpolation and extrapolation 
of the variables of exposure without the 
labor of experimental determination. A plot 
of the values in Table 2, from 2.5 to 50 ppm 
ozone, show reasonably good linearity, with 
the exception of the single response to 4 
ppm ozone prepared from air. When the 
entire experience of the other three tests 
at this level was used, however, close agree- 
ment to linearity was found. No fatal re- 
sponse to quiescent exposure to ozone at | 
ppm was observed, no matter what the dura- 
tion (cf. Table 7). 

Negative Role of Nitrogen Oxides in 
Ozone Toxicity—There is an erroneous 
impression, unfortunately widespread, 
gained from the misinterpretation of certain 
studies 7743 that “the contamination of 
ozone with oxides of nitrogen has been 
partly responsible for the observed toxicity 
and that ozone is not nearly so toxic as it 
has been thought to be.”§ There are at least 
two reasons for this misimpression. 1. The 
reported animal toxicity data were insuffi- 
cient to permit the conclusion that nitrogen 
oxides 


associated with ozone production 


contributed to the over-all toxicity. 2. The 


§ Quoted from Aero Medical Association of 


the United States: Aviation Toxicology, New 
York, Blakiston Company (medical division of 
Doubleday & Company, Inc.), 1953, p. 97. 


reported experiments dealt with abnormally 
high concentrations of nitrogen oxides (ap- 
proximately 50% of the ozone concentra- 
tion). In all ordinary methods of ozone 
production by discharge, the 
amounts of nitrogen oxides are relatively 
insignificant.1!_ The evidence surrounding 
this presented by Stokinger,® 
weighed heavily against the conclusion that 
nitrogen oxides contributed significantly to 
the toxicity of ozone but left the matter 
open to further experimentation. The ques- 
tion was finally resolved to our satisfaction 


electric 


question, 


in further experiments in which mice were 
subjected to various mixtures of ozone and 
oxides of nitrogen, and the resultant toxic- 
ity compared with that from ozone alone. 
Table 3. It may be seen 
that, although a uniformly increasing de- 


This is shown in 


gree of mortality in mice is observed with 
an increasing concentration of ozone alone, 
no such increase was demonstrated in mice 
exposed to concentrations of 
with ozone. Not 
until the total concentration of irritant gases 
far exceeded the L. 


increasing 
nitrogen oxides mixed 
D.s9 for ozone alone 
(i. e., 4 ppm) were comparable lethal effects 
produced by the mixture (i. e., 10 ppm of 
nitrogen oxides and 4 ppm ozone). Other 
experiments similar to these have been per- 
formed on with similar 
results. Thus, it may be said that, contrary 


several occasions 
to past assertions, no evidence was found 
for ascribing the toxic effects of ozone to 
nitrogen oxides. 

Indeed ] 


view if one considers the toxicity of the 


know of no basis for such a 


TABLE 3.—Mortality of Mice Following Single Exposures to Ozone and 
Ozone—Nitrogen Oxide Mixtures: Four-Hour Exposures 


Total Nitrogen 
Oxides Conc., 
Ppm by Vol. 


0/10 
2/6 (rats) 


* Containing 4 ppm NO. 
Containing 5.5 ppm 
t Nitrie acid vapor containing 65 ppm NO --6-hr. exposure. 


Numerator: Number of Animals Dead; Denominator: Number of Animals Exposed 


Ozone Concentration, Ppm by Vol. 


§ Mortality of other species at this ozone concentration: rat, 6/6; rabbit, 2/3, and dog, 0/1. 


Stokinger 


<0.5 1 2.5 6 8 
<0.2 0/10 3/10 6/10 7/10 20/20§ 
1-2 5/10 
4-5 2/10 10/10 
10 8/10 
17 0/10 
35t 
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A. 


individual nitrogen oxides in relation to that 
of ozone. 


the 
from 


The experimental evidence is 
following. 1. Pure ozone, prepared 
tank oxygen and mixed with 
air purified by careful scrubbing, is of itself 
highly toxic, as has just been shown. 2. The 
lower nitrogen oxides, No2O and NO, are 
not significantly toxic,’* nor would they be 
likely contaminants in ozone-generating 
sources. 3. NOs has an L. D.so value for 
rats of 65 to 75 ppm for a four-hour expo- 
sure,!® a toxicity of a lower order of mag- 
nitude than ozone. 4. Nitrogen pentoxide, 
the reaction product of NO and NOs in 
the presence of ozone, is far less toxic than 
ozone, as shown by the low toxicity given 
in Table 3 following exposures of animals 
to mixtures of NOs and ozone. Moreover, 
preliminary toxicity measurements of rela- 
tively pure solid N2O;, made by the action 
of ozone on P2O;-dehydrated, fuming nitric 
acid, showed that no deaths occurred upon 
exposures of at least 42 ppm N2O;. This 
N2Os preparation contained at the time of 
the exposure tests a maximum of 30 ppm 
of NOz (presumably due to the spontaneous 
decomposition in the animal-exposure at- 
mosphere) according to the new and sensi- 
tive method of Saltzman.’° In my opinion 
the claims Diggle and Gage ** have made for 
the high toxicity of NsO; are not supported 
by their reported data. 5. Nitric acid vapor 
requires concentrations around 500 ppm to 
produce lethal effects in small animals, as 
shown in Table 3. 


pure 


The entire question of nitrogen oxide 
impurities associated with the generation of 
ozone by electric discharge in air has been 


discussed by Saltzman, Byers, and Hyslop." 


Maximal amounts of nitrogen oxide impuri- 
ties were 8.5% of the ozone generated, but 


than 5% 


operating conditions of a typical commercial 


less was the rule under normal 
ozone generator whose output was studied 
jarring the possibility of the 
presence of some unknown factor of ex- 
tremely high toxicity, such as free radical 
NOs, that might form in greater quantities 


in detail. 


than found in these experiments under spe- 
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cial or unusual conditions, there appear to 
be no reasonable grounds for the claims 
that nitrogen oxides contribute significantly 
to the toxicity of ozone electrically gener- 
ated in present-day devices. 

Irritation and Odor Levels.—lIt is char- 
acteristic of the physiologic action of ozone 
to cause discomforting reactions in man 
other than the severely acute responses 
mentioned above for animals. It is common 
among subjects to experience headache, dry- 
ness of the throat, and irritation of the 
respiratory passages and eyes upon contin- 
ued exposure to concentrations above 0.1 
ppm. For this reason, as well as others 
mentioned below, the threshold limit for 
ozone was recently revised downward, from 
1 ppm to 0.1 ppm, by the Threshold Limits 
Committee of the American Conference of 
Governmental Industrial Hygienists. Con- 
centrations below 0.1 ppm are discomforting 
to some persons because of the disagreeable 
odor of ozone. Considerable variation in 
odor threshold, as well as in susceptibility 
to headache and eye and throat irritation, is 
common among subjects, but most can detect 
the odor of ozone at a few hundredths of 
a part per million, a level well below the 
threshold limit for general comfort. 

Effects of Age-——The age of the animal 
has been repeatedly found to have an im- 
portant effect on the acute toxic response to 
ozone exposures. Results of representative 
experiments in mice in Table 4 show that 
4 ppm ozone for four hours was at least 
an L. D.so for young, 19 gm. white mice, 
whereas the same exposure in old mice was 
almost without effect in producing mortality 
in groups of equal numbers of animals. A 
similar effect has been reported for the 
respiratory irritant sulfur dioxide 17; 1- to 
2-month-old guinea pigs died after 8-hour 
exposure to 18 mg/m.’, but 50 mg/m.® 
was required to kill 1- to 1%-year-old 
animals. 

Respiratory Infection—lIt is a common 
finding to observe that exposures to ozone 
“bring out” or activate latent, subclinical 
respiratory infections in animals, resulting 
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TABLE 4.—Effect of Age on Susceptibility to 
Ozone Toxicity 
Male Mice, Four-Hour Exposures 


Mortality 
Numerator: No. of Animals Dead; 
Denominator: No. of Animals Exposed 


Cone. of 
Ozone, 
Ppm by Vol. 

4 Young Mice, 19 Gm. 


Old Mice, 35 Gm. 
Expt. I 6/8 o/s 


4 


Expt. Il 5/10 1/10 


in a full-blown respiratory disease that often 
ends fatally. The concentrations of ozone 
responsible for this exacerbation were 
around 1 ppm, concentrations incapable in 
themselves of producing fatal respiratory 
injury. This characteristic associated with 
ozone has been observed in the rodent spe- 
cies on autopsy following ozone exposure. 

Intermittent Exposures.—In an effort to 
discover means of reducing the unfavorable 
responses to ozone, the effect of intermittent 
exposure to ozone was investigated. Adult 
male white mice were subjected to inhalation 
of ozone at 4 ppm for 30 minutes, alter- 
nated with 20-minute exposures to air. The 
total time of exposure to ozone was four 
hours, an exposure capable of killing at 
least 50% 


without interruption for four hours. 


of the animals if administered 
The 
results of a representative experiment, given 
in Table 5, show indeed that interrupted 
exposure to ozone reduces the fatal effects 
of ozone in mice and indicates a means of 
reducing the effects of this hazardous sub 
stance. 


TaBLeE 6.—Effect of Reducing Agents on Ozone and Nitrogen Dioxide 
in Mice 


AND 


NITROGEN OXIDES 


TABLE 5.—Effect on Animal Toxicity 


Interrupted Ozone Exposures 
Male Mice, 20 Gm 


Mortality 
Numerator: No. of Animals Dead; 
Denominator: No. of Animals Exposed 


Ozone 
Cone 
Ppm by Vol 
4 30 Min. Ozone, 20-Min. 
Exposure to Ozone 2/10 


Air; Total 4-Hr. 


Continual 4-Hr. Exposure to Ozone 6/10 


Prophylaxis of Ozone Toxicity—Pursu- 
ing the study of the means of reducing or 
preventing the toxic effects of ozone, we 
tested various reducing agents on the hy- 
pothesis that they might combat a potent oxi- 
Table 6 shows that, 
is administered prior to 


dizing agent, ozone. 
when vitamin C 
exposures to lethal concentrations of ozone 
but not after, it is effective to a measurable 
degree in reducing mortality of exposed 
mice. The vitamin C was administered in- 
traperitoneally in saline in amounts of 10 
mg. per mouse. Mercaptoethylamine, a 
reagent of claimed efficacy in radiation in- 
jury and in high-pressure oxygen toxicity, 
increased the mortality from ozone expo- 
sure. On the other hand, fortifying the 
vitamin C with other vitamins and reducing 
agents, such a3 pantothenate, cysteine, gly- 
curonate, glycine, and glutamate, resulted 
in almost complete protection against fatal 
ozone exposures. It is important to note 
that the occasional animals that did not sur- 
vive the treatment digd uncharacteristically 


several days after the ozone exposure, indi- 


Mortality 


Reducing Agent 


Agent 
Ozone 


Exposure 


Vitamin C, Expt. I 
Expt. 
B-Thiolamine,* 
Ex 


5/10 
1/10 


10/10 
10/10 
3/10t 


Before 


After 
Ozone 
Exposure 


Saline 


CT Value, 
Control 


Ppm-Hr. 


Ozone 
8/10 


Nitrogen Dioxide 


* g-Mercaptoethylamine, courtesy Squibb Institute, New Brunswick, N. J. ; 
+ Courtesy J. B. Roerig & Co., Chicago, consisting of vitamin C, cysteine, potassium glycuronate, calcium pantothenate, glycine 


and sodium glutamate. 


t Deaths of these animals were believed not due to ozone but to respiratory infection, as they occurred atypically several days 
after the usual time and were presumably preventable by antibiotic treatment. 
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= 8/10 50 
4/10 30 
2/10 24 
Reducing mixt. 9/10 42 
F 3/10 7/10 540 
= 


A, 


cating that death was due to causes other 
than ozone injury, presumably infection, 
that could be prevented by administration 
of suitable antibiotics; small animals, suc- 
cumbing to the effects of ozone exposure, 
regularly died within 24 hours after the 
start of exposure. The prophylactic effect 
of vitamin C has been independently con- 
firmed by another investigator in our lab- 
oratories. 

It is of more than passing interest to 
note that the capacity of the reducing mix- 
ture to prevent the effects of nitrogen diox- 
ide was less than that for ozone, indicating 
a different mode of action on the lung of 
nitrogen dioxide. 

Interesting as the foregoing findings are, 
they scarcely compare in significance with 
the following two aspects of ozone toxicity, 
namely, (1) effects of physical stress and 
(2) the marked tolerance acquired in ani- 
mals following shortly after brief exposures 
to noninjurious levels of ozone. 


Enhancement of Toxicity from Physical 
Activity.—When rodents were subjected to 
the physical activity imposed on them by 
being in a motor-driven rotating cage, while 
at the same time being exposed to otherwise 
noninjurious concentrations of ozone, the 
animals died of the combined effects, with a 
typical ozone toxicity response of pulmo- 
nary edema and hemorrhage. Atmospheres 
containing 1 ppm ozone || caused death of 
animals being exercised in a rotating cage at 
7 rpm for 15 minutes each hour for 6 hours 


| The ozone used in experiments performed at 
1 ppm Os was generated in a U. S. Air Ozonizer, 
Scottdale Ozone Company, Scottdale, Pa. 
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total exposure. These results are shown in 
Table 7. It is seen that no amount of re- 
peated daily 6-hour exposure to this con- 
centration of ozone up to 200 days without 
exercise produced any mortality in the ex- 
posed rats (Data line 1) or any observable 
change. On the other hand, subjecting the 
animals to exercise while inhaling ozone 
proved to constitute an L. D.59 within six 
hours for the exposed adult rats of different 
ages (Data lines 2 and 3). Exercise alone 
in rotating cage was without effect, as shown 
in the last data line in Table 7. 
sponded similarly. 


Mice re- 


Development of Tolerance 


Perhaps the most striking and unusual 
feature of ozone toxicity is the marked tol- 
erance to multilethal doses of ozone that 
develops in rodents after brief exposures to 
ozone. Increased tolerance to ozone was 
first observed in rats that had been pre- 
viously exposed for many days to 1 ppm 
ozone and then challenged in the rotating 
cage while being exposed to ozone as de- 
scribed above; the anticipated number of 
deaths did not occur. These results are 
shown in Table 8, Data lines 1 and 2. It 
is seen that, the longer the animals were 
given previous exposure to 1 ppm only, the 
longer the survival on repeated challenging 
exposures to ozone with exercise. 


In an effort to determine the minimal 
time of ozone exposure required for the 
rats to develop significant tolerance, succes- 
sively shorter periods of ozone preexposure 
were tested, from 18 hours to 1 hour. It 
is seen that tolerance to ozone is successively 


TaBLe 7.—Increase of Ozone Toxicity from Superimposed Exercise 
Ozone Concentration: 1 Ppm by Volume 
Exercise: 15 Minutes per Hour, 7 Rpm 


Treatment 


Mortality 


Animals, 
No. Ozone 
200 days, 6 hr. daily No 
6 hr, 
6 hr. 
No 


Concurrent 
Exercise 


Numerator: No. of Animals Dead; 
Denominator: No. of Animals Tested 


None (0/25) 
6/10 
5/10 

None (0/10) 
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TABLE 8.—Development of Tolerance to Ozone as Shown by Preexposure to Ozone 
Followed by Exercise During Ozone Exposure 
All Ozone Concentrations: 1 Ppm by Volume 
Exercise: 15 Minutes per Hour, 7 Rpm 


Exposure: Six Hours Daily, Unless Otherwise Indicated 


Preexposure 
to Ozone 
(Without 
Exercise), 

Hr. 


decreased in degree when preexposure is 
thus shortened, although some tolerance is 
demonstrated with as little as one-hour pre- 
exposure to 1 ppm ozone (Data lines 9 and 
10). Tests for tolerance were made 24 hours 
after the start of the initial exposure, thus 
demonstrating the very rapid development 
of ozone tolerance. Because the six-hour 
exposure to 1 ppm ozone developed a re- 
producible tolerance of significant degree, 
six hours were taken as a convenient pre- 
exposure time for subsequent studies to 
determine the duration of tolerance to ozone 
from a single exposure. 

Duration of Tolerance to Ozone —Tol- 
erance to ozone lasting for four to six 
weeks was developed in rats from a single 
six-hour exposure to 1 ppm ozone. For 
this demonstration a large group of adult 
male albino rats was given a single six-hour 
exposure to 1 ppm ozone. l’rom this group 
smaller groups of 10 rats each were sub- 
sequently tested for tolerance, as described 
above, after one day and after one, two, 
three, four, and six weeks. 

All the rats given a single six-hour ex- 
posure to ozone showed tolerance to other- 
wise lethal exposures, whether challenged 
on the day after the six-hour exposure or 
from one to four weeks later. Rats chal- 
lenged on the sixth week, however, died (7 
of 10 exposed), showing that ozone toler- 
ance may extend over a period of from 
four to six weeks. Controls not previously 
exposed to ozone, when placed in the same 
activity cage with ozone-exposed animals, 
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Mortality 


On Subsequent Days of Exposure to Ozone with Exercise 

Numerator: No. of Animals Dead; 

Denominator: No. of Animals Tested 
2 4 


2 5 


3/9 
0/10 


in the 
activity cage (i.e., within six hours) or 
shortly thereafter. Rats exposed six hours 
to 1 ppm ozone and then subjected the next 
day to exercise only in the activity cage with 
no ozone showed no mortality or any un- 
toward effects ascribable to either the exer- 


died either during ozone exposure 


cise or the previous day’s exposure to ozone. 

In order to make further assurance that 
the tolerance observed in the activity cage 
experiments was real and not the result of 
some unsuspected or adventitious finding as- 
sociated with the conditions of the experi- 
ment, rats with a previous exposure to 
ozone were later challenged by exposure to 
ozone alone at multilethal doses (7-11 ppm 
ozone). No previously exposed rat suc- 
cumbed to a four-hour exposure, whereas 
all rats with no previous exposure to ozone 
died. On autopsy the tolerant rats showed 
no pulmonary edema and hemorrhage, 
whereas this was the cause of death in the 
nontolerant rats. It is of interest to note 
that the characteristic spasmodic breathing 
of animals exposed to lethal concentrations 
of ozone was still present in the tolerant 
animals. 

In preliminary experiments no “spread” 
of tolerance to ozone appeared to occur 
among rats that had previously been exposed 
to either nitrogen pentoxide or hydrogen 
peroxide and then challenged in the usual 
way to ozone combined with exercise. Fur- 
ther work will have to be done, however, to 
confirm these preliminary observations. 
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AV. 
Animals, Body 
No. Wt., 
Gm. 
Days, 1 6 
9 236 90 0/9 0/9 0/9 0/6 3/6 
10 304 150 0/10 0/10 0/10 || 0/10 1/10 
10 258 18 0/10 0/10 0/10 
3 240 7 2/3 0/1 0/1 
10 248 6 0/10 0/10 1/10 
3 245 . 2/3 0/1 0/1 
10 251 3 0/10 2/10 
2 245 1/2 0/1 
10 212 1 1/10 1/9 1/8 
3 210 1/3 0/2 0/2 


A. 


It is of interest to note in relation to the 
mechanism of tolerance development that 
no tolerance in rats was acquired from sin- 
gle intraperitoneal exposures to ozone, thus 
pointing to a reaction characteristic of lung 
tissue in the development of ozone tolerance. 

Effect of Alcohol on Tolerance.—A most 
interesting effect of alcoholic ingestion on 
the development of tolerance to ozone was 
Rats 
given water containing 10% ethyl alcohol by 


demonstrated in the following way. 


volume as the sole liquid intake for six 
weeks were exposed to 1 ppm ozone for 
six hours by the usual procedure for the 
When 


quently tested for tolerance two weeks later 


development of tolerance. subse- 
by quiescent exposure to 8 ppm ozone, all 
five of five rats tested succumbed, showing 
no tolerance to ozone at this time. A similar 
group of five controls with no prior ex- 
posure to ozone died as expected. This in- 
teresting finding is being explored further. 


Comment 


From evidence introduced here (Table 1) 


34 ozone can no longer be 


and elsewhere, 
be seriously denied to be one of the more 
highly poisonous gases. The rapidly lethal 
effects in small animals from exposure to 
a few parts per million by volume of pure 
ozone, the aggravation of the ozone effects 
in exercised animals, and the pulmonary in- 
volvement in shielded are welders to rela- 
tively low concentrations of ozone, all attest 
to its highly injurious character. Oxides of 
nitrogen have been shown to be associated 
contaminants, both in certain types of smogs 
and in ozone industrially produced from air 
by means of electric discharge, and thus 
must enter into any consideration of the 
toxicity of ozone that is found in either of 
these 
toxicities of nitrogen oxides with regard for 
the amounts that may accompany the pro- 
duction of ozone, however, reveals no con- 
vincing evidence that the oxides of nitrogen 
contribute significantly to the toxic effects 
of ozone (Table 2). The most interesting 
and important findings reported here are 


instances. A critical review of the 
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the many ways by which the highly injurious 
effects of ozone may be increased, reduced, 
or even abolished. The increased suscepti- 
bility to the lethal effects of ozone of the 
very young of several species of animals, 
compared with the aged of the species, is 
readily demonstrable and is appreciable 
(Table 4). The increased response to pul- 
monary irritation found in early age is not 
unique for ozone but is well documented for 
the upper respiratory irritant, sulfur di- 
oxide.!* 

The enhancement of ozone injury in ani- 
mals by activity during exposure to ozone 
has been the most striking demonstration 
of all. The lethal 
noninjurious concentrations of 


outcome of otherwise 
ozone re- 
sults undoubtedly from a multiplicity of fac- 
tors in addition to that of the more obvious 
reactions associated with activity, such as 
increased respiration and circulation rates. 
Hormonal releases, for example, in the form 
of catechol amines, epinephrine and_nor- 
epinephrine, as well as in certain adreno- 
corticosteroids (Compounds B and F), have 
been reported in tumbled rats,’* a condition 
not completely unrelated to that in our cage- 
activated rats, especially during the terminal 
phases on the exposure. How much of a 
role these hormones play in these experi- 
ments, however, still remains to be deter- 
mined. 


Methods of reducing or abolishing the 


fatal effects of ozone were also numerous. 
Pulmonary changes associated with aging 
resulted in the capacity of the host to resist 
Whether 
this is due to increased thickening of the 
alveolar septa with age, to reduced metabolic 


otherwise fatal doses of ozone. 


rate, or to other factors is under study in 
our laboratories at the present time. Inter- 
rupted exposure to ozone acts to the ad- 
vantage of the host, and, although not 
particularly striking in the manner demon- 
strated in our experiments, the interrupted 
exposure technique could be utilized to deci- 
sive advantage in protecting persons against 


injurious ozone exposures. During inter- 
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ruptions presumably tolerance to ozone 
would be developing. 
It is interesting, we think, that the grave 


effects of pulmonary edema and hemor- 


rhage from acute exposure of ozone may be 


prevented in animals by so simple a proce- 
dure as a combination of vitamins and re 
ducing agents 
(Table 6). 


substances on the mechanism of action of 


prior to ozone exposure 


The clues furnished by such 


ozone and related oxidative pulmonary irri- 
tants, such as nitrogen dioxide, are consid- 
erable; from such information definitive 
hypothesis of action of these pulmonary ir- 
ritants may be formulated and tested. 

The finding of marked tolerance in ani- 
mals to ozone, developing rapidly and en 
during long, may have considerable bearing 
on responses of populations to ozone-con- 
taining smogs. Several factors indicate this. 
1. No human symptoms referable to ozone 
action have been noted in Los Angeles-type 
smog, despite reports of significant ozone 
levels. 2. Ozone tolerance of measurable 
degree was noted in animals exposed for 
but one hour to 1 ppm. 3. Ozone is a rather 
ideal substance for epitomizing the toxi- 
cologic concept, CT=K (i.e., equal mor- 
talities resulted in animals exposed to 4 ppm 
ozone for six hours [CT=24 ppm-hours] 
or to 50 ppm for 0.5 hour [CT=25 ppm- 
hours]). Thus, it would not seem to repre- 
sent too great an extrapolation of the data 
to assume that, if tolerance develops at | 
ppm for one some tolerance could 
conceivably develop at 0.1 ppm for 10 hours. 
Further, if the response of the human lung 
to ozone may be assumed to be similar to 
that of the animals tested in these studies, 


might 


hour, 


one reasonably conclude that no 
acute effects on human beings would be 
expected from ozone exposures occurring in 
Los Angeles-type smog, owing to the often 
repeated exposures to very low-grade ozone 
concentrations of the order of a few tenths 
part per million. 


Summary and Conclusions 
Experimental evidence is presented that 
ozone in single acute exposure is a highly 


Stokinger 


poisonous substance to laboratory animals. 
No experimental evidence was found that 
this toxicity is modified to a significant de- 
gree by the presence of nitrogen oxides that 
may accompany ozone production. 

Seven factors have been experimentally 
found that may modify the toxicity of ozone. 
Four of these, youth, physical exertion, al- 
cohol, and respiratory infection, tend to 
augment the injurious response or act to 
the detriment of the host; the remainder, 
intermittent exposure, premedication, and 
preexposure, either reduce or eliminate the 
injurious effects of ozone. Consideration has 
been given these factors in the evaluation of 
possible hazards to populations from ozone- 
containing smogs. 


Chief among the many persons who contributed 
to this study were William D. Wagner, Paul G. 
Wright, E. J. Ector, D. H. Byers, B. E. Saltz- 
man, Frances L. Hyslop, and J. L. Svirbely 
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Toxicity of Ozone 


III. Chronic Toxicity 


SIDNEY MITTLER, Ph.D.; MAURICE KING, M.S., and BETTY BURKHARDT, B.S., Chicago 


With the increasing use of ozone in in- 
dustry, the presence of an ozone layer above 
50,000 ft., and the occurrence of ozone in 
smog conditions, as in the Los Angeles area, 
the chronic toxicity of this gas has become 
an important problem. 

Conflicting reports’* have appeared in 
the literature as to the actual toxicity of 
ozone. These discrepancies are probably 
due to the use of crude ozonizers with high 
current densities, moist air, use of unreli- 
able methods for analysis, and organic 
materials which are readily attacked by 
ozone. 

In an attempt to clarify these discrepan- 
cies, Mittler and associates have conducted 
an experimental program reported else- 
They found that the L. D.so of 
ozone for a three-hour exposure was 12.6 
ppm by volume for mice, 13.1 ppm for rats, 
and 24.7 ppm for guinea pigs. As a con- 
tinuation of this program, experiments were 


where.® 


conducted to determine the physiological ef- 
fects of ozone and the chronic toxicity of 
this gas. This report gives the results of 
the study. 

The ozone chamber used for these experiments 
was 4 ft. wide, 7 ft. high, and 6 ft. long (Fig. 1) 
It was designed to hold a 50-cage animal rack, 
and it could be easily adapted for use with larger 
animals. The chamber was lined with aluminum 
sheet to prevent undue decomposition of ozone and 
had three windows on each side and a standard 
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Fig. 1 


studies. 


Ozone chamber for chronic 


toxicity 


aluminum glass storm door for observational pur- 
poses 

Ozone was made by drawing room air through 
a Cuneo Micro Kleen Filter to a Lear-Romec oil 
pump which compressed the air to 10 psi. The 
air was then passed through a Lectrodryer ( Pitts- 
burgh Lectrodryer Corporation) to be dried. This 
clean dry air entered the Welsbach Ozonator T-23 
(The Welsbach Corporation, Philadelphia) where 
the ozone was generated at a concentration near 
6000 The 
with incoming room air at the duct shown in the 
lower left-hand corner of Figure 1. 


ppm concentrated ozone was mixed 
An exhaust 
fan pulled the air into, through, and out of the 
chamber, with a complete change about once every 
minute. The ozone concentration was sampled at 
six positions in the chamber by means of the 
aluminum tubes which may be seen at the right- 


hand side of Figure 1. 
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The concentration of 2.4 ppm of ozone was first 
selected for the study, since the acute studies had 
shown that definite lung damage occurs at con- 
centrations greater than 2.4 ppm. On the other 
hand, no damage was apparent at concentrations 
less than 2.4 ppm in a single exposure for periods 
up to 24 hours. 


Effects of Chronic Exposure to Ozone 
Upon Lungs of Rats 


Two 100-animal groups of 2- to 3-month- 
old Wistar used in the 
chronic toxicity tests. Group A was exposed 


albino rats were 
to 2.4 ppm of ozone for 4 hours per day for 
5 days per week, while Group B was ex- 
posed to 2.4 ppm for 16 hours per day for 
4 days per week. A 10-animal sample from 
each group was killed after accumulative 
exposure of 32, 48, 64, 80, 96, 112, 144, 
160, and 176 hours. The lungs were exam- 
visually for ozone-induced 


ined typical 


hemorrhages. Edema was assessed by the 


M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Joffe * modification of the Rahn method, 
based on the ratio of the weight of the 
lungs, as removed from the animal, before 
and after drying. The data are presented 
in Tables 1 and 2. 

The results indicate that exposure to 2.4 
ppm for 16 hours per day for 4 days per 
week induced lung damage. The animals 
this (Table 1) 


showed severe lung damage at the end of 


which received exposure 


32 hours. However, after the third expo- 
sure the animals began to recover slightly, 
apparently adapting themselves to ozone. 
When the animals had received a total of 
64 hours of exposure, they had reached a 
plateau of the extent of lung damage, which 
was maintained until the end of the experi- 
ment. It is possible that the three-day non- 
exposure period, plus the acclimatization to 
repeated ozone exposure, prevented any fur- 
ther increase in lung damage. These results 


TABLE 1—Chronic Toxicity of Ozone for Albino Rats * 


(Sixteen-Hour Exposures to 2.4 Ppm Ozone, Four Days per Week) 


Total Animals 
Exposure Examined, 
Time, Hr. No. 


0 25 


Wet/Dry 


32 10 


176 4.58 


Lungs 


Gross Appearancet 


of 


Hemorrhagic Edematous Autopsy 


Wed. 


22 


Thurs. 


00 


2M 
8 


| 


N 
81 
M 


6 SI Thurs. 


* Some deaths occurred during exposure: one after 64 br.; three during 80-to 96-hr. exposure; one after 128 hr., and one during 


128- to 144-hr. exposure. 
+ N=Normal; Sl=Slight; M= Moderate, and S=Severe. 
t Standard deviation for controls, 0.104. 
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Day 
Weight 
Ratio 
4.69 10 Sl | 
48 10 4.65 | 10 SI | 
64 10 4.73 4 10 Sl Fri. 
8 
M 
80 10 4.84 N 7 Sl Tues. 
81 3M 
96 10 4.69 , 10 Sl Wed. 
8 
M 
112 10 4.65 | } 10 81 Thurs, 
M 
128 10 4.31 N 8 Sl Fri. 
81 2M 
M 
144 10 4.70 | N | Tues. 
8] 
160 7 4.72 || 1 | Wed. 
5 
1 
2N 
461 
= 
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TABLE 2.—Chronic Toxicity of Ozone for Albino Rats * 
(Four-Hour Exposures to 2.4 Ppm Ozone, Five Days per Week) 


Lungs 


Total Exposure Animals Examined Wet/Dry Weight 
Time, Hr. No. atio 


Gross Appearance ft Day of 
Autopsy 


Hemorrhagic Edematous 
4.53 t > 
4.76 10N 
4.78 9N 


40 


4.68 


4.74 


4.63 


ZAZA; 


* Some deaths occurred during course of the experiment: one after 64 hr.; one after 92 hr.; one after 108 hr., and one after 132 hr. 
+t N =Normal; 81=Slight; M= Moderate, and S=Severe. 
t Standard deviation for controls, 0.104. 


are in agreement with those of Stokinger fatal to 20% of the total number of ex- 
and associates > who reported that a four- posed animals (Table 3). At the end of 
to six-week tolerance to ozone was devel- 96 hours 8.8% of the animals exposed were 
oped from a single six-hour exposure to 1 dead. 


These data do not appear to agree 
ppm of ozone. 


with the report of Stokinger and associates ® 

In the experiment with repeated 4-hour who reported that the L. D.s59 for mice is 
exposure at 2.4 ppm (Table 2), damage to 4.8 ppm of ozone for four hours. Recently 
the respiratory system was not visible until Diggle and Gage® have reported that the 
after 64 hours of accumulative exposure. L. D.so of ozone for mice at a four-hour 
Even after the accumulative exposure to exposure is 10 to 12 ppm by volume. This 
ozone of 144 hours in the 4-hour-interval agrees somewhat with the results reported 
experiment, there was less damage than at by Mittler and 


associates * in which the 
the 48- or the 64-hour period in the 16 Li 


D.s9 was found to be 12.6 ppm for a 
hour-exposure series. The animals which three-hour exposure. 


These differences in 
survived in the four-hour-exposure experi 


the L. D.s59 may be attributed to the various 
ment appeared to become resistant and analytical methods used in determination 
showed only slight damage to the respira , 
tory tract. One of the conclusions reached 
during these experiments was that the wet 


of the ozone. Stokinger and his colleagues 
used a modification * of the Smith Diamond 


method,® while Diggle and Gage employed 
dry weight ratio of the lungs is not signifi- 
cant as a method for assessing lung damage Taste 3.—Survival of One Hundred Two Mice 
in animals exposed to low concentrations of During Continual Exposure to 24 Ppm of Ozone 
ozone. During the exposure to 2.4 ppm the 
Exposure, Survivals, Dead, 
Hr. No. 


gross appearance gave more information per Cent 


than the edema method of Joffe. 93 


Effects of Continual Exposure to 
Ozone on Survival of Mice 


The data on continual exposure of 102 
mice to 2.4 ppm of ozone for 241 hours 


indicate that at this level the exposure was * This percentage represents total dead seven days after 
exposure. 


241 
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0 25 
32 10 Mon. 
48 10 _ Fri. 
64 10 ) N Thurs. 
80 10 = 9 N Wed. 
96 10 7 10 N Tues. 
112 10 | 9 N Mon. 
128 10 4.62 9 N Fri. 
144 10 4.64 10 N Thurs. 
160 7 4.59 7N 
124 92 9.8 
146 91 10.8 
241 87 14.7 
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the neutral potassium iodide method of 
Gluckauf The aluminum 
chloride modification of the potassium iodide 
method of Thorp ?° was utilized throughout 
this entire study. If one can assume that 
the ozone produced by each investigator is 
uncontaminated, and if the L. D.s59 is then 
used as a yardstick, one can conclude that 
the Smith Diamond method, in which spec- 
trophotometric determination is made of the 
iodine released after acidification, yields an 
ozone analysis 2 times lower than the neu- 
tral or acid-buffered potassium 
sodium thiosulfate method. 


and associates.® 


iodide— 


Effect of Repeated Daily Exposure to 
Ozone Upon Weight Gain of Rats 


Young male albino Wistar-strain rats 
(averaging about 50 gm.) were exposed to 
low concentrations of ozone five days per 
week for various lengths of time per day 
for four weeks. The animals were weighed 
at weekly intervals, and at the end of the 
four-week period the total gain in weight 
of the Table 4 
summarizes the results of the experimental 
data and the statistical treatment. In order 
to fully characterize the data, an empirical 
equation was derived to relate the difference 
in weight gain to the ozone concentration 
and the number of hours of exposure per 
day. The equation utilized the fact that, 
when either the time of ozone exposure or 
the ozone concentration is zero, the weight 
difference is also zero. 


animals was determined. 


( 1) 
where 

Y is the difference in weight gain between the 
control group and the treated group, +: is the 
ozone concentration, +2 is the time of exposure, 
and bo, bi, and be are constants. 

The method of least squares was used to 
estimate the value of the constants from 
the experimental results of the first 12 
groups. 

(2) 
From Equation (2) a series of values of 

Y for various combinations of ozone con- 
centrations and exposures, ranging from 1 
to 20 hours and from 0 to 3 ppm, were 
determined with the digital computer. Fig- 
ure 2 is a graph of the difference in weight 
gain plotted against exposure time for a 
series of constant ozone concentrations, and 
Figure 3 shows the weight gain difference 
plotted against ozone concentrations for a 
series of constant exposures. 

From the experimental and the calculated 
results the tolerance limits of exposure of 
rats to ozone might be determined, as shown 
by the following two examples. 

1. If a difference in weight gain by control and 
treated rats of 10 gm. is taken as the point where 
injury occurs, with reference to Figure 2, the 
following combinations for a five-day-per-week ex- 
posure for four weeks are obtained: 2.4 ppm for 
1% hours, 1.8 ppm for 3 hours, 1.2 ppm 
hours, and 0.6 ppm for 16 hours. 

2. If 15 gm. difference is used as the point 
where injury occurs, then the following combina- 
tions are obtained: 2.4 ppm for 2 hours, 1.8 ppm 
for 4 hours, 1.2 ppm for 9 hours, and 1 ppm for 
19 hours. 


for 7 


TABLE 4.—Summary of Statistical Analysis of Weight Gain of Rats Exposed to Ozone 


Treatment, 
5 D./Wk./4 Wk. 
Group Ppm Hr./Day 
1.2 7 


Animals, 
No. 


‘ 

0.6 16 

Control,A 0 
II 1.2 3 
2.4 3 
Control,B 0 
1.2 16 
Control,C 0 
18 


‘ 
18 3 
11. 
0 
0 


1.2 

Control, D 
6 

Control, E 0 


* Mean gain of controls minus mean gain of exposed in grams. 
t Significance at 99% level. 
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95% 

Residual Standard Confi- 

Residual Standard Error dence 

Variance Deviation of Mean Limits 
: 2.31 


po bo 
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Mean 
Weight 
Gain, 
Gm. t 
178.00 13.00 3.91t 
45 176.73 368.74 19.19 +5.81 14.27 3.68 
48 191.00 282.72 16.80 +4.86 
43 181.40 271.57 16.47 +£5.70 2.66 0.96 
51 151.39 425.76 20.62 +5.78 32.67 7.90t 
49 184.06 372.35 19.29 +5.50 
I 47 150.87 436.39 20.89 +6.10 42.11 11.08t 
43 192.98 230.66 15.17 +4.66 
I 20 196.55 146.89 12.12 +5.35 20.80 6.46t 
10 20 207.85 75.61 8.70 +4.03 9.50 3.60t 
11 5 20 198.00 168.32 12.97 +6.06 19.35 5.77f 
: 12 20 217.35 70.76 8.41 +3.92 
V 13 29 184.00 279.96 16.70 +6.39 13.60 2.74t 
14 21 197.60 387.19 19.70 +8.96 
|| 1957 
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(w.-W,), GRAMS « 


1.2 PPM 
HR 


0.6 PPM 
10 HR 


2 8 10 12 14 16 18 
EXPOSURE TIME, HRS/DAY, 5 DAYS/WK FOR 4 WEEKS 


Fig. 2.—Effect of exposure time upon weight 
gain of young rats with constant ozone concentra- 
tion. Solid symbols, calculated values; open sym- 
bols, experimental data. 

* Weight gain of control rats minus weight gain 
of exposed rats. 

Below these limits it might be assumed that 
a young growing rat could remain in ozone 
atmosphere without deleterious effects. 

These experimental results concur with a 
maximum allowable concentration value of 
ozone of 0.1 ppm for an eight-hour day, 
which was adopted by the American Con- 
ference of Governmental Industrial Hygien- 
ists in 1955.12 However, it is very difficult 
to analyze ozone reliably below 1 ppm, since 
the odor of ozone detected 
below 0.1 ppm; the rule utilized in our 
laboratories is to 


can be readily 


maintain ventilation, so 


TABLE 5.—Relationship Between 


Mean 

Group Food 
Intake, 

Gm. 


Exposedt..... 468.1 


Control...... 524.4 


-w_), GRAMS « 


e 


(w 


0.6 2.4 
OZONE CONCENTRATION, PPM 

Effect of ozone 

weight gain of young rats with exposure 

constant. Solid symbols, calculated values; 
symbols, experimental data. 

* Weight gain of control rats minus weight gain 

of exposed rats. 


concentration upon 


time 
ypen 


that the odor of ozone cannot be perceived. 
whether 


consumed by 


To determine the amounts of 


food ozonized and control 


animals were different, two groups of rats 


were used. One group of young rats was 
placed in the ozone chamber and given an 
exposure of 2.4 ppm for three hours daily, 
for five days per week for a period of four 
weeks. The other group was merely placed 
in the chamber and exposed to air for the 
same period of time. The food consumption 
and weight gain were tabulated for both 


groups, and an analysis of variance of data 


0d Intake and Adjusted Weight Gain 


Deviation Mean 
from Exptl. Weight 
Mean In- Gain, 
take, Gm. Gm. 


Adjusted* 
Mean Weight 
Gain, Gm. 

139.90 


154.51 


Variance 
Ratio, F 


—29.0 132.8 37.71 


27.3 161.6 


Experimental mean food intake=497.1 gm. 


Regression coefficient=0.2451 gm/gm. 


v=y 
t 2.4 ppm 3 hr./day, 5 days/wk. for 4 


Mittler et al. 


y —br, where y=adjusted mean gain, coefficient, 


of food 


and r=mean food intake. 


7.8 PPM 1.2 PPM) 
48 48 
L HR 7 HR 
44 | 
12 PPM PPM 
16 HR r 16 HR 
40 40 - 
36 36 
24 PPM 
24 PPM, O3HR 
32 3 HR 32 
3 HR 
28 + | 28 + 
| 
PPM r PPM 
7 HR “7 WR 
20 20 } 2PPM 
| 
| 
16 6} | 
r 12 PPM oT 0.6 PPM r 
| ray 
7 HR ob 7HR 
| 
= 1.8 PPM 18 PPM | 
3 HR 3 HR | 
8k 
4 4} | 
Cfi.2 PPM (2 PPM } 
3 HR 3 HR | 
== 
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from the two groups is presented in Table 5. 
When the mean gain in weight of both 
groups has been adjusted to a common food 
intake, a highly significant F value of 37.7 
is obtained, which indicates that the quan- 
tity of food consumed does not explain the 
difference in weight gain of the two groups. 
It appears that animals exposed to ozone 
did not utilize the amount of food eaten 
as efficiently as did the controls. 


Effect of Ozone on the Blood 


The problem of whether ozone per se 
reaches and with the blood was 
vitro studies had 
shown that ozone does not oxidize the fer- 
rous ion of oxyhemoglobin to the ferric ion 
to produce methemoglobin when 39.6 ppm 
is bubbled at a rate of 150 ml. per minute 
directly into whole blood. Ozonized plasma, 
on the other hand, showed a definite in- 
crease in optical density at 250, 280, and 


reacts 


studied. Earlier in 


TABLE 6.—Effect of Ozonization on Optical 
Density of Rat Blood Plasma 


Wave Length, Mu 
250 280 350 
0.57 0.71 
0.29 


Plasma* 


Ozonizedt 0.155 


0.031 


Control... 0.53 


* 1:100 M/15 phosphate buffer. 
¢ 30.10 ppm O; for 15 min. at 250 ml./min. 


350 mu (Table 6). Consequently blood plas- 
ma from a total of 27 young rats exposed to 
2.4 ppm of ozone for 3 hours per day, 5 
days per week for 8 weeks and two animals 
exposed to an acute dose of 40 ppm of ozone 
for 3 was examined 
spectrophotometrically. The optical densi- 
ties obtained did not differ significally from 
those obtained for plasma from 30 control 
animals. 


hours, 20 minutes 


The hemoglobin content and the hemato- 
crit values were determined on the blood 
from 31 young rats that had been exposed 
to 2.4 ppm ozone for three hours per day, 
five days per week for eight weeks. The 
average hemoglobin content was found to 
be 14.6 gm/100 ml. for the control rats and 
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14.9 gm/100 ml. for the exposed rats. The 
46.8% for 
the controls and 47.8% for the exposed rats. 
Both sets of values fall within the normal 
ranges for rats. Therefore, it is concluded 
that ozone does not reach the blood of ani- 
mals that have been chronically exposed to 
ozone. It appears that the ozone reacts with 
the inner surface of the respiratory tract and 


average hematocrit value was 


that decomposition occurs before it can en- 
ter into the blood stream. 


Summary 

Repeated exposures to 2.4 ppm of ozone 
induced some hemorrhage and edema in 
lungs of rats. Adaptation to ozone was 
noted after 32 hours of accumulative ex- 
posure. 

Twenty per cent of 102 mice died after 
a continual exposure to 2.4 ppm of ozone 
for 241 hours. 

Chronic exposure to ozone decreased the 
weight gain by young rats, and concentra- 
tions greater than 1.2 ppm and longer than 
seven hours per day significantly affected 
the growth of young rats. The 0.1 ppm 
value as the maximum allowable concentra- 
tion of ozone for an eight-hour workday 
appears to be reasonable. 

Ozone did not reach or react with the 
blood of chronically exposed animals. There 
was no change in hematocrit or hemoglobin 
values. 

Dr. F. C. Bock of the Armour Research Foun- 
dation aided in the statistical analysis of the ex- 
perimental data, and Mr. Robert Brabets assisted 
with the engineering design of the ozone chamber. 
Advice was continually offered by Dr. H. G. Clam- 
ann of the U. S. A. F. School of Aviation Medi- 


cine. 


Armour Research Foundation, Illinois Institute 
of Technology, 10 W. 35th St. 
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Gaseous Contaminants in the Atmosphere 


JACOB CHOLAK, Ch.E.; LAWRENCE J. SCHAFER, B.S.E. (Ch.E.); DAVID YEAGER, and 


WALDO J. YOUNKER, Ch.E., M.S., Cincinnati 


The presence of increased oxidant (prin- 
cipally ozone) in the air of Los Angeles 
during periods of low-lying haze 1? and the 
role of nitrogen dioxide in the mechanism 
of its production’ have stimulated in- 
terest in the levels of the concentration of 
these two gases in the air of other urban 
areas. Analytical determinations by the 
potassium iodide recorder, usually made 
during cool to cold weather in a number of 
cities in the eastern United States, have 
demonstrated that the concentration of the 
oxidant during these periods varied in- 
versely with the concentration of the reduc- 
ing material, namely, sulfur dioxide, in the 
air.** Because of this interference the net 
response of the instrument in these tests 
was generally so low that it was impossible 
to determine the range of concentration of 
oxidant normally present in the air or to 
obtain any conclusive evidence of its pro- 
duction by a photochemical process. 

This paper, therefore, deals with the con- 
centrations of oxidant, nitrogen dioxide, 
sulfur dioxide, and carbon monoxide found 
in the air in the course of prolonged tests 
during three seasons of the year. The test- 
ing periods extended from the coldest to 
the warmest months, during which the 
reducing power of the atmosphere could be 
expected to diminish from its highest to its 
lowest level. All the data were collected at 
one station in Cincinnati, Ohio, during the 
periods Oct. 21 to Dec. 22, 1955, April 9 to 
May 12, 1956, and June 18 to July 18, 1956. 

Accepted for publication Nov. 27, 1956. 

Presented at the Air Pollution Symposium, 
130th Meeting of the American Chemical Society, 
Atlantic City, Sept. 17-21, 1956. 

From the Kettering Laboratory in the Depart- 
ment of Preventive Medicine and Industrial 
Health, College of Medicine, University of Cin- 
cinnati. 
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Sampling Station 


The levels of concentration of the pol- 
lutants in the air at any site depend upon 
the activities in the area, the physical 
features of the area, and the meteorologic 
characteristics of the particular day. The 
site chosen for these observations was es- 
sentially residential in character, free from 
unusual obstruction by tall buildings or 
topography, and located practically in the 
center of the metropolitan area of Cincin- 
nati. Samples collected at this site, there- 
fore, could be expected to represent fairly 
general atmospheric conditions rather than 
the extremes that might be found at some- 
what isolated sites in suburban or rural 
areas, in areas of heavy motor traffic, or 
in close proximity to specific sources of 
air pollution. 


Methods 


Sulfur Dioxide—Sulfur dioxide was determined 
from the measurement of the electrical conduc- 
tivity that developed when a solution of weak 
sulfuric acid and hydrogen peroxide was used to 
scrub the air. The atmosphere was sampled con- 
tinuously day and night in two-hour portions dur- 
ing the various sampling periods. An exhaust 
pump and an automatic sampling device, consisting 
of 12 scrubber flasks and a clock mechanism that 
opened each flask to the atmosphere in regular 
turn, were used to collect the samples. The equip- 
ment is shown at the left in Figure 1. 

While this procedure of sampling and 
analysis yielded only the average concentra- 
tions of sulfur dioxide in the air within 
each two-hour period, it was convenient for 
the analysis of the large number of samples 
collected during the tests. Good agreement 
was found between the results of this pro- 
cedure and those obtained by a chemical 
method for determining total sulfate in 
selected samples—usually the highest value 


GASEOUS CONTAMINANTS IN THE ATMOSPHERI 


Fig. 1.—Survey site 
showing sampling and re- 
cording equipment for 
the determination of sul- 
fur dioxide, nitrogen di- 
oxide, and oxidant. 


—from each day’s operation. Thus, during 
the winter period the average concentration 
in the selected samples as calculated from 
the average conductivity was 0.113 ppm, 
as compared with an average concentration 
of 0.129 ppm calculated from the sulfate 
determinations. It is believed, therefore, 
that the increases in conductivity developed 
in the these 
principally to sulfurous materials present 
in the air. 


solutions in tests were due 


Oxidant.—The oxidant in the air was determined 
and recorded instrumentally and continuously by 
the measurement of the quantities of iodine re- 
leased when air containing the oxidant was passed 
through a solution of potassium iodide buffered 
to pH 7. The instrument employed was essentially 
the same as that described by Littman and 
Benoliel,® except that a four-point Brown recorder 
made it possible to record continuously the ab- 
sorbance of the pure iodide solution, thereby elimi- 
nating the need for setting the zero of the in 
strument each day.® 

Nitrogen dioxide and sulfur dioxide are 
sources of interference that cause the oxi 
dant recorder to record a net response pro 
portional to the reactions that occur in the 
scrubber among the pollutants themselves 
and the reagents.® For example, tests with 
atmospheres containing ozone and sulfur 
dioxide or nitrogen dioxide indicated that, 


while no exact stoichiometric relationship 


could be found for the reactions, the oxi- 


dant recording decreased by 1 pphm for 


Cholak et Al. 


sulfur dioxide and in- 
creased by 1 pphm for every 5 pphm of 
nitrogen dioxide.® 


every 3 pphm of 


Nitrogen Dioxide—During the first and second 
test periods the nitrogen dioxide in the atmosphere 
was determined independently at appropriate times, 
between the hours of 8:30 a.m. and 5 p.m. on 
weekdays only, by passing air at a rate of 400 ml. 
per minute for 10 minutes through 10 ml. of a 
solution of sulfanilic acid and naphthyl ethylene- 
diamine dihydrochloride in 14% acetic acid.* The 
color that developed was measured at 550y in a 
nitrogen 
prepared from 
nitrite added to the reagent. 
During the third period a nitrogen dioxide re- 
corder was operated night 


photometer, and the concentration of 


dioxide was read from a chart 


known amounts of 
and day to give a 
continuous record of the concentrations of nitro- 
gen dioxide in the air. 

The nitrogen dioxide recorder, except for the 
scrubber, is similar to that recently described by 
Rogers.” A recirculating type of scrubber tower 
a rate of sampling of 850 mil. of air 
per minute, with an efficiency for the absorption 
of nitrogen dioxide equal to that obtained at the 
rate of 250 ml. per minute in the noncirculating 
type of scrubber used by Rogers. The difference 
in absorption at 5504 between a portion of the 
absorbing solution alone and a portion that had 
passed through the scrubbing tower was recorded 
through one of the channels of the recorder on the 
same strip chart used on the oxidant recorder. 
The instrument employed 


permitted 


a measuring cell only 
20 mm. in length and had a half-scale sensitivity 
for nitrogen dioxide in air of 90 pphm. This 
sensitivity was sufficient for the detection of ni- 
trogen dioxide in the air in the concentration of 
1 pphm. The sensitivity of 30 pphm at half-scale 
is expected to be realized when cells 60 mm. in 
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length are substituted for the 20 mm. cells. The 
scrubbing tower and the colorimeter of the ni- 
trogen dioxide recorder are shown at the right 
side on the bench in Figure 1. 

Carbon Monoxide.—Determinations of the con- 
centration of carbon monoxide were made several 
times daily except Saturday and Sunday during 
the daylight hours only. Air was drawn at a rate 
of 75 ml. per minute through a N. B. S. 
containing 


tube 
monoxide-indicating gel until 
shade of color was obtained. This 
color was then compared with the same color on 


carbon 
a noticeable 


100 


The median concentration of sulfur 
dioxide during the summer was approxi- 
mately one-half of that found during the 
winter period. The pattern of distribution 
of the concentrations shows that during the 
summer 75% of the samples were below 
0.019 ppm. In the winter only 25% of the 
samples were below this value. This would 
imply that for 25% of the time in the 
summer the concentration of sulfur dioxide 


Oct. 21 = Dec. 22, 1955 


702 Samples 


PER CENT OF TOTAL NUMBER 


April 9 - May 12, 1956 


June 18 - 18.1 
395 Samples 195 


340 Samples 


25% - - - 0.014 25% - 0-007 J 
50% - 0-015 


75% - 0.019 || 


50% - - = 0.023 


- - - 0.046 


0-05 0.10 0.15 0.05 0.10 


PPM SULFUR DIOXIDE 


Fig. 2. 


(averaged for each two hours) in Cincinnati. 


M.S. A. 


concentration of the 


the chart of the instrument, and the 


carbon monoxide the 


determined from a _ calculation 
based on the ratio of the two volumes of air re- 


atmosphere was 


quired to produce the color. 


Results and Comment 


Sulfur Dioxide.—The frequencies of the 
the levels of con- 
centration of sulfur dioxide (averaged for 
each two hours), expressed as the percent- 
age of the total number of samples, are 
shown in Figure 2 for the three periods of 
The 25%, 50%, and 75% 


quartile concentrations for each period are 


occurrence of various 


investigation. 


also indicated. 
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-Frequencies of occurrence of various levels of 


concentration of sulfur dioxide 


would cause a reduction in the oxidant read- 
ing by 0.6 ppm or more. On the other hand, 
in the winter season reductions of 0.6 pphm 
or more in the oxidant reading would occur 
75% of the time. Reductions as high as 7 
pphm were possible.® 

Figure 3 gives the fluctuations in the 
diurnal sulfur dioxide 
averaged for each of the three periods. The 
graphs show double peaks during the winter 
and spring seasons. During both of these 
periods the highest concentrations of sulfur 
dioxide were found to be present in the 
hours between 7 a. m. and 10 a. m. The 
next highest level generally was found to 
occur from 9 p. m. to midnight. The graph 
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Fig. 3.—Average diur- 
nal variations in the con- 
centrations of oxidant 
and sulfur dioxide during 
three test periods in Cin- 
cinnati 
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Fig. 4—Frequencies of occurrence of various levels of concentration of oxidant (averaged 
for each two hours) in Cincinnati. 
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for the summer period is characterized by 
low concentrations of sulfur dioxide and 
by the absence of abrupt peaks. The concen- 
trations of sulfur dioxide were slightly 
higher during the night and morning hours 
than at other times of the day during the 
summer. The lowest concentrations were 
observed to occur between the hours of 1 
p. m. and 5 p. m. during all three periods. 


Oxidant—The frequencies of the occur- 
rence of the various concentrations of oxi- 
dant, averaged for each two hours of the 
three periods, are given in Figure 4. The 
pattern of distribution is the reverse of that 
shown by sulfur dioxide, in that the lowest 
values were obtained during the winter and 
the highest in the summer. The range of 
the levels of concentration also increased 
progressively with the advent of warmer 
weather. The graphs in the upper portion 
of each section of Figure 3 give the fluctua- 
tions in the diurnal values averaged for 
each period. There is an inverse relation- 
ship between the concentrations of sulfur 
dioxide and oxidant. However, the general 
level of oxidant in the air during the spring 
period was much greater than could be 
accounted for by the difference in the re- 
ducing power of the atmosphere in the 
spring and winter seasons. This implies 
that the major increase in the oxidant level 
was due to factors other than the decrease 
of the concentration of sulfur dioxide. 

The concentrations of oxidant recorded 
by the instrument follow a consistent pat- 
tern regardless of the general level of con- 
centration in the air. Thus, the concentration 
of oxidant is generally at its lowest level 
during the night and reaches its maximum 
value in the late afternoon. In Cincinnati 
this maximum was found to occur between 
2 p. m. and 6 p. m. 
oxidant 


The concentration of 
gradually during the 
morning hours and, after reaching a peak, 
diminished very gradually during the late 
afternoon. This in marked contrast 
to the conditions in Los Angeles, where 
during the season of “smog” the concentra- 
tion of oxidant increased sharply in the 


202 


increased 


was 
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early morning hours to a peak near the 
middle of the day and then diminished 
gradually during the afternoon. The diurnal 
pattern observed in Los Angeles during the 
period August-November, 1954," is repro- 
duced by the dashed lines in Figure 3. 
This of the fluctuations in con- 
centration is taker. as evidence that a photo- 
chemical process is involved in the produc- 
tion of oxidant. The appearance of the 
maximum concentration of oxidant late in 
the afternoon, when the temperature in Cin- 
cinnati was generally at its highest level, 
may suggest that a thermal process in addi- 
tion to the photochemical process is in- 
volved in the production of oxidant. 
Exceptions to the form of the graph of 
the oxidant levels illustrated in Figure 3 
were observed to occur, but, in general, the 
concentration was lowest at night (ranging 
from 0.2 to 4.0 pphm) and highest during 
the afternoon, when the concentration on 
one day reached a level of nearly 6 pphm. 
Some of the variations are shown in Figure 


pattern 


7, where the records for three days during 
the June-July period of testing are repro- 
duced. 


Nitrogen Dioxide—The concentrations 
of nitrogen dioxide found in the samples 
collected intermittently during the periods 
Oct. 21-Dec. 22, 1955, and April 9-May 12, 
1956, are arranged in Figure 5 according to 
the frequencies of their occurrence. The 
samples collected during these two periods 
did not portray the dynamic processes in 
the atmosphere, and little can be said con- 
cerning these concentrations, although the 
data appear to indicate that more nitrogen 
dioxide is present in the air during the 
hours of daylight in the winter than in the 
warmer seasons. This relationship becomes 
more striking if the concentrations, aver- 
aged for each two hours between 8 a. m. 
and 6 p. m. during the June-July test 
period and given by the dashed lines in 
Figure 5, are considered. 

Figure 6 gives the graph of the diurnal 
variations in the concentrations of nitrogen 
dioxide averaged over the 30-day summer 
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Fig. 5.—Frequencies of occurrence of various levels of concentration of nitrogen dioxide 
in Cincinnati (dashed lines relate to daylight hours only). 


Fig. 6.—Average diur- 
nal graphs for nitrogen 
dioxide and oxidant dur- 
ing the period from June 
18 to July 18, 1956. 
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Fig. 7.—Recordings of concentrations of nitro- 
gen dioxide and oxidant during three days. 


period. The diurnal graph for oxidant 
during the same period has also been re- 
produced on this chart. It may be seen that 
nitrogen dioxide is present in the air in 
concentrations approaching those of the 
oxidant. The graph shows that the behavior 
of nitrogen dioxide is the reverse of that 
of the oxidant. The concentration of nitro- 
gen dioxide generally reaches its lowest 
level during the daytime between midday 
and 5 p. m. and rises to higher levels during 
the night. The behavior of the concentra- 
tions of the two pollutants during this 
particular period is in agreement with the 
observed disappearance of nitrogen dioxide 
in the genesis of ozone by the irradiation of 
low concentrations of hydrocarbons and 
Al- 
though the exact stoichiometric relationships 
of the reactions are not known, it is of in- 
terest to note that Leighton and Perkins 
believe that the photodissociation of nitro- 


gen dioxide into nitric oxide and oxygen 


nitrogen dioxide in the laboratory.*** 
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atoms is a primary process of major im- 
portance in the formation of “smog.” 

The records for nitrogen dioxide and 
oxidant for three days during the summer 
period are shown in Figure 7. The general 
relationship between the concentrations of 
the demonstrated in 
Figure 6 is again apparent in these graphs. 
Some of the exceptions and variations due 
to changing or atypical meteorological con- 
ditions are also shown. 


two contaminants 


The levels of the concentration of nitro- 
gen dioxide in the air of Cincinnati were 
generally quite low, the values ranging from 
0.2 pphm to 9.5 pphm. It is of interest to 
note that 30 years ago Francis and Parsons 
reported levels of concentration in the air 
of London that were generally within the 
range reported herein.’* They stated that 
the nitrogen dioxide decreased following 
rain, but consistent evidence of this could 
not be obtained in Cincinnati (Fig. 7). 
Rogers,’® in a recent paper, gave a record 
for Sept. 13, 1955, in Los Angeles which 
but for a peak at 7 a. m. was very similar 
in form to the graph shown in Figure 6. 


PER CENT OF TOTAL NUMBER 


é 4 
PPM CARBON MONOXIDE 


Fig. 8.—Frequencies of occurrence of various 
levels of concentration of carbon monoxide in 
Cincinnati: (4), Oct. 21 to Dec. 22, 1955, 137 
samples; (B), April 9 to May 12, 1956, 86 sam- 
ples, and (C), June 18 to July 18, 1956, 56 


samples. 
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GASEOUS CONTAMINANTS IN THE ATMOSPHERE 


The data on nitrogen dioxide collected thus 
far, however, are too few to reveal any- 
thing but trends. The latter will require con- 
firmation by prolonged and _ continuous 
monitoring of the air under all the meteoro- 
logical and other conditions that could in- 
fluence the concentration and the fate of 
the nitrogen dioxide in the air. 


Monoxide-—The concentrations 
of carbon monoxide found in the atmos- 
phere of the site are shown in Figure 8. 
The results obtained on samples taken from 
time to time during the daylight hours re- 
vealed that the concentration was quite low, 
usually near the lower limit of detection by 
the analytical method employed. The 
amount in the air will vary with the site, 
the median these tests 
being 0.5 ppm, as compared with 4.5 ppm 
at a site in the center of the commercial 


Carbon 


concentration in 


area in Cincinnati during the early spring 
of 1955 and 6.5 pphm at a location in down- 
town Washington, D. C., during the winter 
of 1954.7:14 

Although records of the 
fluctuations in the concentration of carbon 
monoxide would be of interest, their chief 
value would be as an index of pollution 
attributable to the exhausts of automobiles, 
also the nitrogen 
dioxide and of the hydrocarbons considered 


continuous 


commonest source of 
to be important factors in the production 
of “smog.” Carbon monoxide is not be- 
lieved to be involved in the mechanism of 
the production of oxidant. 


Summary 


The concentration of sulfur dioxide in 
the air of Cincinnati varied with the season. 
It was lowest during the summer when the 
combustion of solid fuel was at a minimum. 

The level of concentration of oxidant as 
recorded by the potassium iodide recorder 
varied inversely with the concentration of 
the sulfur The highest 
levels of concentration were found during 
the summer 


dioxide present. 


season. The oxidant usually 


reached its maximum value during the after- 
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noon and was lowest during the night. The 
pattern was different from that observed 
in downtown Los Angeles where the maxi- 
mum concentration was generally reached 
near the middle of the day. Photochemical 
and thermal processes may be involved in 
the mechanisms by which oxidant is pro- 
duced. The concentration of oxidant in the 
atmosphere of Cincinnati ranged between 
0.2 pphm and 6 pphm. 

The diurnal fluctuation in the concentra- 
tions of nitrogen dioxide, as measured by a 
continuous nitrogen dioxide recorder, indi- 
cated that the concentrations were generally 
higher at night than during the daytime. 
The lowest levels of concentration were 
found during periods when the oxidant 
reached its highest value. The levels of 
concentration of nitrogen dioxide ranged 
between 0.2 and 9.5 pphm. 

The 


concentration of 


carbon monoxide 


in the air during all three periods was very 
near the limit of detection of the method 
employed, being below 1 ppm generally. 

The effects of meteorological factors on 


the fluctuations in the concentrations of the 
four contaminants should be determined by 
an extended program of monitoring with 
continuous recording equipment. More in- 
formation is needed to establish the relation- 
ship between the fluctuations in the concen- 
trations of oxidant and nitrogen dioxide in 
the air. Continuous records for total nitrate 
and nitric oxide would be of value in es- 
tablishing the fate of the nitrogen dioxide 
in the atmosphere. 


Kettering Laboratory, Eden Ave. (19) 
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Pulmonary Tumors in Mice Exposed to Asbestos Dust 


KENNETH M. LYNCH, M.D.; FORDE A. MciIVER, M.D., 


Since the first case of carcinoma of the 
lung associated with asbestos was cited by 
Lynch and Smith in 1935,? there have been 
numerous reports in the literature of sim- 
ilar cases. Authors reviewing the literature 
describe an incidence of carcinoma of the 
lung associated with asbestosis ranging from 
13% to 16%.** Individual reports, usually 
dealing with relatively small numbers of 
cases, describe an incidence ranging from 
7% to 50%.°* In an editorial in 1955, 
Hueper* stated that 127 cases of asbestosis 
carcinoma of the lung were on record and 
described the occurrence of 114 cases of 
pulmonary carcinoma in 738 autopsies of 
asbestosis cases collected from the literature 
(15%). 

Experimental work has not kept pace with 
the accumulation of clinical data. An in- 
creased incidence of pulmonary tumors 
has been recorded in mice following the 
subcutaneous injection,® intratracheal in- 
jection,® intravenous injection,’ and inhala- 
tion ™ of a variety of substances, but only 
one published statement has been found 
suggesting the induction of tumors in ex- 
perimental animals by the inhalation of 
asbestos.!” 

The purpose of the investigation to be 
described in this report was to correlate, if 
possible, the effect of asbestos on the lungs 
of experimental animals with the suggested 
carcinogenicity for human subjects. 
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Experimental Study 


Animals.—Mice were selected for this work be- 
the use of inbred strains would eliminate 
some of the uncertainties inherent in the use of 
other animals. Furthermore, the published report 
of Nordmann and Sorge, which has been pre- 
viously mentioned,” and unpublished data left by 
Dr. L. U. Gardner,“ of Saranac Laboratories, at 
his death suggested that mice might be suitable 
test animals. Dr. Gardner mentioned that, of 22 
mice inhaling short fiber asbestos for not more 
than 12 months, 3 (14%) developed lung tumors. 
Fifty-one mice exposed to other dusts for 10-12 
months developed lung tumors in 2%. In both of 
these studies the number of animals used was 
small, and the strains employed were not men- 
tioned or apparently varied. 


cause 


In the study to be described, it was decided to 
use the F, generation offspring of Strain A male 
mice“ and Strain C female mice.” It was felt 
that this hybrid strain would possess the genetic 
purity of the parent stock but would be hardier 
and hence more suitable for long-term studies. 

Strain A stock obtained from 
J. J. Bittner, of the University of Minnesota, and 
Strain C female breeding stock was obtained from 
Lloyd W. Law, of the National Cancer Institute. 
As soon as the 


breeding was 


Roscoe B. Jackson Memorial 
recovered from the disastrous 
fire of 1947, all breeding stock was obtained from 
that source. 


Laboratories had 


ACF, animals from the breeding colony were 
divided into approximately equal groups, and at 
the age of 2 months one-half were placed in the 
cages exposed to asbestos dust. The other half 
were maintained as a control group. Male and 
female mice were kept in separate cages to avoid 
breeding in both the control and the dusted groups. 

Of the hundreds of mice bred for this work, a 
great many succumbed to cannibalism, intercur- 
rent infection, or other accidents, but 776 mice 
were subjected to portmortem examination. Of 
this number the largest groups were the control 
and test animals studied at 19 and 24 months of 
age. The observations in these groups will be 
emphasized in the discussion which follows. 

In order to study larger animals with a tracheo- 
bronchial tree more comparable to that found in 
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A. 


man, dogs have also been subjected to dusting 
with asbestos. The results of this study will form 
the basis of another report. 
Methods and Materials.—Test 
kept in wire cages on racks in an especially con- 
structed room. 


animals were 
Usually 10 or fewer animals were 


placed in each cage. In the early stages of the 


work a single metal bin, with a paddle wheel near 
the bottom, was loaded with asbestos to provide 
a cloud of dust entire 


for the Later a 


trough filled with asbestos was run behind each. 


room. 


row of cages (Fig. 1), the asbestos was stirred 
by a series of small rotating metal agitators, and 


dust was blown toward the cages by multiple fine 


streams of compressed air. Most of the test 


Fig. 2.—Asbestos Floats 
7-TF-2. 


shows that portion of the 


Photograph 


failed to 
a 200-mesh 
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material which 
pass through 


wet screen 
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Fig. 
paratus for 


1.—Dusting ap- 
(A), 
mouse cage; trough 
for asbestos; (C), cop- 


mice : 


per tubing with minute 


holes directing com- 
pressed air toward cages, 
and (D), pulley used to 
rotate 


L-shaped wire 


paddles 


animals were dusted in this manner because heavier 
concentrations could be obtained. 

The asbestos used in this work was generously 
supplied, as was much of the 
cerning its 


information 
composition, by the 


con- 
manufacturers 
This material is referred to commercially as As- 
Floats 7-TF-2 
fine float little 
selected because of its 


bestos It is described as a “very 
content” but was 
similarity to “King’s 
used in other asbestos studies,”* and be- 


with fibrous 
Floats,” 
cause no material with a greater fibrous content 
in the 10u-100u length was available. Kenneth W. 
Smith, M.D., provided the information that 95.5% 
of Asbestos Floats 7-TF-2 passes a 200-mesh wet 


screen. This large proportion of the dust appears 
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to be mostly irregular pieces of inert granular 
serpentine rock. Chrysotile asbestos is the im- 
portant material in that portion of the substance 
The 
chemical composition of Canadian chrysotile as- 
bestos, 3MgO-2Si022H:0, is represented in Table 
1 which was supplied by the producers. The data 
represent high and low limits expressed in per- 
centage. 


not passing the 200-mesh screen (Fig. 2). 


TABLE 1.—Chemical Analysis of Canadian 
Chrysotile Asbestos 


SiO: MgO FeO Fe:0; 5 CaO 


37.12- 39.54- 
13.36 43.90 


12-15 0-6 1-5 0.2-1.5 0-0.3 


The figures in each column represent high and low limits 
expressed in per cent. 


Dust counts were done on numerous occasions, 
and for extended periods 500,000,000 particles per 
cubic foot of air were maintained. Counts varied 
according to time of day, humidity, and other 
factors, but it was possible to maintain atmospheric 
concentrations of 150,000,000 to 300,000,000 par- 
ticles per cubic foot throughout most of the ex- 
periment. Dusting equipment was operated for 
8 to 12 hours daily for 5 days each week. Sam- 
ples were collected in water within the mouse 
cages by means of a standard midget impinger 

Particle-size determinations on samples of air 
collected in water from mouse cages in 1950 showed 
that particles and fibers 10” in size and over 
18% to 21% of the total. In 1952 a 
sample of air collected in 99% isopropyl alcohol 
and sent to the laboratory of Dr. J. M. Dalla 
Valle at the Technology 
showed the 


formed 


Georgia Institute of 
following distribution of particle 
less than 3y, 15.5%; 34.0%; 10u 
20u, 26.2%, and greater than 20p, 24.3%. 


Sizes : 


Results 


Control Animals.—At the time that this 
work started little was known about 
AC F; mice, and the biologic behavior of 
these animals was observed with consider 


was 


able interest. In general, the control colony 
was maintained without undue difficulty, 
and most of the animals survived until killed 
at 19 or 24 months of age. The greatest 
mortality was in the male group and re- 
sulted, apparently, from fighting, but some 
difficulty was also encountered during the 
summer months with infectious diseases. 
It was originally planned to permit ani 
mals to live out a full life span, but exam 
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ination, especially microscopically, of 
animals which were found dead proved 
very unsatisfactory, and eventually only 
killed animals were considered in the statis- 
tical studies. 

The microscopic appearance of the lungs 
of control animals is shown in Figure 3. 
Alveolar septa are delicate; alveoli are well 
expanded, and macrophages, when present, 
One 
small collections of lymphoid tissue are fre- 


are small and eosinophilic. or two 


quently present, and inflammatory changes 


are found but are uncommon. Large foamy 


macrophages are occasionally found in areas 
of inflammation. 

In Table 2 the occurrence of pulmonary 
tumors in control mice killed at 19 months 
of age is recorded. Only those tumors con- 
firmed histologically are included. It should 
be pointed out that on rare occasions a 
nodule regarded as a tumor grossly proved 
to be inflammatory on microscopic examina- 
tion. On the other hand, tumors were 
occasionally found on microse< examina- 
tion which had not been detected grossly. 
lor practical purposes the results on gross 
and microscopic examination in the control 
group were the same. 

It is interesting to note that there seems 
to be a significant difference between the 


number of male and female control mice 


Fig. 3—Lung of control mouse at 19 months— 
Mouse 338 (female). Photograph shows a portion 
of the wall of a bronchiole and related alveoli. 
Alveolar walls are delicate, and there is a rela- 
tive absence of  intra-alveolar macrophages. 
425 
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TaBLeE 2.—AC F; Hybrid Mice: Controls 


Total Mice 

with Tumors. 

No. per Cent 


Female._._. 119 32 28 


Male__. 103 48 47 
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at Nineteen Months 


Mice with 
Multiple Tumors, 


Mice with 
Single Tumors, 


No. per Cent per Cent 
26 
36 


The tumors listed are pulmonary adenomas. Only tumors confirmed on microscopic examination are recorded. 


bearing pulmonary tumors at 19 months of 
age. Males developed pulmonary tumors 
in approximately 47% and females in 28%. 
However, in a smaller group of mice 20 
months and older this ratio was reversed, 
and, of 43 female controls, 29 developed 
pulmonary tumors (67%). Of 41 male 
this age group, 24 developed 
pulmonary tumors (58%). 


controls in 


The nature of the pulmonary tumors ob 
served in AC F, mice has been a matter 
of considerable interest in this study, and 
we have not felt warranted in referring to 
the neoplasms observed as carcinomas. The 
tumors are basically papillary adenomas, 
although some are very compact and in 
some fields do not reveal a papillary appear- 
ance. Tumors may be surrounded by small 
neoplastic masses which we have described 
as “satellite nodules”; their margins may 
be sharp or ill-defined, they may extend into 
the lumen of bronchioles, and they may 
show very few or many mitotic figures, but 
we have never found evidence of metastasis. 
This absence of metastasis is true of all 
age groups examined, but the largest num- 
bers of mice, as mentioned previously, were 
in the 19- and the 24-month categories. 
Some of the tumors do present a relatively 
malignant histologic appearance, but in 25 
consecutive control mice bearing 31 pulmo- 
nary tumors, which were studied in great 
detail, not a single one was classified as 
malignant, even on a histologic basis. 

Other findings of interest in the control 
animals at 19 months 


the 


included an abnor- 


mality of reticuloendothelial system 
This entity is characterized by 


splenic enlargement in most cases and also 


in 7%. 


in some by excessive lymphoid accumula- 
tions in the lungs, markedly enlarged lymph 
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nodes, or hepatomegaly. Blood counts were 
not done. Four animals, all females, devel- 
oped extrapulmonary tumors, one of the 
breast, two of the ovary, and one of the 
skin. Other breast tumors were seen, but 
the affected mice did not survive to be killed 
at 19 months. 


Test Anima!s.—The microscopic appear- 


ance of the lung of a mouse dusted for 17 


Fig. 4—Lung of test mouse at 19 months— 
Mouse B-43 (female). Photograph shows some- 
what congested and thickened alveolar walls. 
Large “dusty” macrophages are prominent. X 425. 


Fig. 5—Lungs of a control animal (Mouse 
B-38) and of a test mouse (Mouse B-26). Both 
animals were killed at 19 months of age. In both 
specimens the hearts are attached and partially 
hidden by the lungs. The test lungs are larger 
and heavier and present a mottled gray pleural 
surface. 
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months and killed at the age of 19 months 
is illustrated in Figure 4. The lungs of 
dusted animals appeared grayer and larger 
than normal (Fig. 5). Alveolar walls 
were thickened; macrophages were a great 
deal more numerous and were usually foamy 
and contained a great deal of tiny granular 
material, “dust.” Coarse granular particles 
of brown material, probably blood pigment, 
were found in test animals as well as in 
controls, but larger golden brown particles 
within macrophages were found only in the 
dusted animals. These were thought to be 


Fig. 6.—Asbestos body in mouse lung—Mouse 
320 (female). Each asbestos body is incompletely 
engulfed by a large macrophage, and each re- 
veals the typical “stacked coin” appearance. 
2000. 


about small chunks and 
fibers of asbestos. Elongated 
asbestos bodies (Fig. 6) were found in the 
lungs of almost every dusted mouse, and 
10 to 20 bodies were not infrequently found 
in one microscopic section. At times one 
end was globular, but more frequently they 
were straight or curving golden brown 
bodies partially engulfed by large “dusty” 
macrophages. 


asbestos bodies 


very short 


The “stacked coin” appear- 
ance, usually described in human asbestos 


TABLE 3.—AC F; Hybrid Mice: 


Mice 
Tumors, 


Total 

with 
Number — 
per Cent 
Female.._.. 63 2: 37 


Male... 35 55 


bodies, was also frequently observed in 
mice. Bodies more than 20 in length were 
frequently seen, and the longest recorded 
length was 40u. The great majority were 
shorter than 20». Hilar nodes 
noticeably enlarged and apparently were not 


were not 
involved by any specific process related to 
asbestos. Pulmonary fibrosis did not occur, 
and squamous metaplasia of bronchial epi- 
thelium not found. 


changes and bronchiectasis were commoner 


was Inflammatory 


than in the control animals. 


The occurrence of pulmonary tumors in 
dusted mice killed at 19 months of age is 
shown in Table 3. Only those tumors con- 
firmed histologically are included. 

The microscopic appearance of these tu- 
mors was in no significant way different 
from those described in the control animals. 
Asbestos bodies were rarely encountered 
within the substance of the neoplasm. 


Comment 


Studies referred to previously dealing 
with human cases of asbestosis strongly 
suggest that there is an increased incidence 
of associated carcinoma of the lung. It is 
important to bear in mind, however, that 
there are no very large groups of cases, 
and one is beset with the problem of decid- 
ing whether the cases reported are weighted 
in favor of a high incidence of carcinoma 
by selection. On the other hand, no con- 
sistently high incidence of pulmonary carci- 
noma has appeared in reports of cases of 
silicosis. In fact, the incidence of pulmo- 
carcinoma in to be 
relatively low, and one writer '* suggests the 


nary silicosis seems 
possibility that silicosis may protect the 
patient from the likelihood of carcinoma of 
the lung. 


Test Mice at Nineteen Months 


Mice with 
Single Tumors, 


Mice with 
Multiple Tumors, 
No. per Cent 

16 


19 


The tumors listed are pulmonary adenomas. Only tumors confirmed on microscopic examination are recorded. 


Lynch et Al. 


30 16 25 
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A. 
The references which describe animal 
studies are not regarded as acceptable evi- 
dence for the experimental production of 
asbestosis carcinoma of the lung. Nord- 
mann ™ reports a number of instances and 
types of epithelial change but found only 
two pulmonary tumors in 10 mice living to 
the “cancer age” of 240 days. The number, 
therefore, is very small, and no suitable 
control animals are mentioned. Gardner ™* 
apparently fegarded his observations as 
merely suggestive. The work was done in 
a study of pneumoconiosis, and the inci- 
dence of naturally occurring pulmonary 
tumors established for the test 
animals or for the controls. 


was not 


The animals used in this study, mice, are 
probably poorly suited for the purpose. The 
tracheobronchial tree is of small diameter, 
and the nasopharyngeal filtering apparatus 
is probably highly efficient. Mice readily 
form asbestos bodies, but pulmonary fibrosis 
is not produced. The latter change could be 
a feature essential to the anticipated epi- 
thelial alterations. At least, in studies now 
in progress in which dogs are used, pul- 
monary fibrosis is produced and there is 
a profound associated squamous metaplasia 
of bronchial epithelium. It is quite possible 
that future work should be planned about 
the use of primates. The incidence of newly 
developing asbestosis in man is fortunately 
very low at this time, and so the primate 
best suited for future studies seems to be 
the monkey. 

Asbestos Floats 7-TF-2 is a difficult ma- 
terial with which to work in a climate with 
high humidity because of its hygroscopic 
nature. By the use of heat lamps, however, 
it was possible to keep the storage bin 
reasonably dry, and all dust counts were 
certainly far above those in which human 
asbestosis develops. Even the low counts 
of 150,000,000 particles per cubic foot are 
15 times greater than levels at which human 
asbestosis is thought to be a danger. 

Particle length is a factor in human 
asbestosis. The quantities of asbestos ma- 
terial of various lengths reaching the lungs 
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of test mice are not known. It is known, 
however, that a sufficient quantity of fibrous 
material reached the mouse lungs to produce 
asbestos bodies in great numbers and that 
the same material is capable of producing 
fibrosis in dogs. If the ability to produce 
asbestosis, therefore, were associated with 
carcinogenicity, then Asbestor Floats 7-TF- 
2 should be capable of producing pulmonary 
tumors. 

If the anticipated life span of a healthy 
mouse is considered to be 30 months, then 
the exposure of our animals for periods of 
17 and 22 months should correspond to 
very adequate periods of human exposure. 
As was mentioned earlier, animals were 
exposed to the dust at 2 months of age, and 
the larger groups were killed at 19 and 24 
months, respectively. 

The results summarized in Table 4 show 
that there is no striking difference between 
the total number of control and test animals 
bearing lung tumors, the figures being ap- 
proximately 46% for dusted animals and 
36% for control animals at 19 months. 
There are 7 possibilities in 100 that this 
difference might be due to chance. This 
difference is not statistically significant.* 

There was a considerable occurrence of 
multiple lung tumors in both the dusted and 
the control groups. Table 4 shows that this 
18% and 8% the two 
groups, respectively. Using the same formu- 
la, there are only 0.51 chances in 100 that 
the difference is a chance difference. This 
variation is statistically significant. A possi- 
ble interpretation of this observation is that, 
given a group of animals with a similar 


incidence is for 


tendency to develop pulmonary tumors, this 


*In evaluating the recorded statistics, the stand- 
ard error is computed on the basis of the follow- 
ing formula: 

V pa (1/N11/N2) 
where 

p==total percentage occurrence 

q=-1—p 

Ni=number in first sample 

N2=number in second sample 
The probability of occurrence of the stated results 
on the basis of chance is computed from the num- 
ber of standard errors with Pearl’s table. 


Vol. 15, March, 


1957 


PULMONARY TUMORS IN MICE EXPOSED TO ASBESTOS DUST 


Taste 4.—AC F; Hybrid Mice: Su 


mmary 


Total Mice 
with Tumors, 
Group 


No. per Cent 


Total Dusted... 58 46 
Total Control_._. 80 36 


Mice with 
Single Tumors, 


Mice with 
Multiple Tumors, 


per Cent No. per Cent 
28 23 18 


28 18 8 


This Table summarizes the findings described in Tables 2 and 3, and all tumors listed were confirmed on microscopic examination. 


tendency is accentuated by the inhalation of 
asbestos dust, and multicentric foci of origin 
become evident. Such an interpretation fits 
into the widely held belief that one require- 
ment for the effectiveness of a carcinogen is 
a susceptible host. The weaker the carcino- 
gen, the more important becomes the factor 
of host susceptibility. 

No appreciable difference is noted in the 
histologic characteristics of pulmonary tu- 
mors in the dusted and the control groups. 
In the absence of any evidence of metastasis 
the term carcinoma should be applied to 
such neoplasms with great caution. Spe- 
cifically, the presence of small neoplastic 
formations in the vicinity of larger ones is 


insufficient evidence of malignancy, as is 
the occurrence of invasion of bronchial lu- 
mens. The former is more likely evidence 
for multiple foci of origin, and the latter 
is a result of growth in the direction of 
least 


resistance. Both findings may be 
noted regardless of the histologic or cyto- 
logic appearance of the primary lesion. Ir- 
regularity of tumor margins, the appearance 
of “infiltration,” is similarly unrelated to 
the cytologic evidence of possible malig- 
nancy. Enlarged lymph nodes are encoun- 
tered not infrequently, but metastasis from 
pulmonary tumors has not been found. 


Summary and Conclusion 
AC F;, mice were exposed to dusty atmos 
pheres containing Asbestos Floats 7-TF-2 
for various lengths of time. 
The 


consisted of 127 animals killed at 19 months 


largest single experimental group 


after exposure for 17 months. This group 
was compared with 222 control animals. 


Lynch et Al. 


Primary lung tumors were demonstrated 
microscopically in 46% of the dusted mice 
and in 36% of the control animals. 

Multiple pulmonary tumors were demon- 
strated in 18% of the dusted animals and 
in 8% of the control animals. 

No significant histologic or cytologic dif- 
ference observed between tumors in 
the control and the dusted groups. 


was 


No clear-cut proof of malignancy was 
found in any of the lung tumors studied. 

We have been unable to demonstrate any 
proof of the carcinogenicity of asbestos 
under the conditions of this experiment, but 
the increased incidence of multiple lung tu- 
mors in dusted animals must be regarded as 
a possible accentuation by the inhalation of 
asbestos dust of an existing tendency to 
develop lung tumors. 

Future experiments with asbestos should 
include the use of larger animals, probably 
monkeys. 

The equivocal nature of this report does 
not answer the questions raised by accumu- 
lating clinical evidence that asbestosis is 
strongly associated with, and therefore a 
possible cause of, pulmonary carcinoma in 
man. 


In the choice of experimental animals very 
helpful advice was supplied by H. B. Andervont, 
Walter Heston, and Lloyd W. Law, of the Na- 
tional Cancer Institute. C. D. Coleman, Building 
Superintendent at the Medical College of South 
Carolina, provided valuable asistance in designing 
Ad- 
vice and assistance in the technique of dust count- 
ing were provided by W. G. Crosby, of the South 
Carolina State Health, and Dr. L. M. 
the Georgia State Board of Health. 
Further assistance was rendered by Robert A. 
Brown znd Miss Ethyl McMinn, of the Depart- 
ment of Medical Illustration, Medical College of 
South Carolina 


and maintaining the mechanical equipment. 


of 


Petrie, of 
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Dust Exposures During Ash Removal from 


Incinerators 


WILLIAM H. MEGONNELL, M.S.; JOHN H. LUDWIG, 


Introduction 


The widespread use of radioisotopes for 
research purposes has created a new prob- 
lem in disposing of radioactive waste ma- 
terials for many institutions. Examples of 
refuse which may contain such radioactivity 
are experimental animals, cage cleanings, 
egg embryos, paper used to clean up spills, 
and used planchets. The use of institutional 
or municipal incinerators appears to be an 
attractive method for disposal of these 
wastes. During the incineration process the 
major portion of the radioisotopes contained 
in the waste is discharged through the stack 
as volatile or particulate constituents of the 
combustion gases or is removed from the 
incinerator with the ash. A small part is 
deposited on the interior surfaces of the 
incinerator and the stack. 
the burning of radioisotope-contaminated 
with incinerator refuse, a 
degree of dilution may be obtained which 
will reduce radioactivity to safe levels. The 


By combining 


wastes normal 


solid waste procedures used for ash disposal 
(land fill or 
burial) provide a satisfactory dilution in 
ultimate disposal. 


in most of such incinerators 


Tests! on combustion of wastes contain- 
ing radioisotopes in institutional-type incin- 
erators have indicated that about 90% of 
the isotopes P** or Sr®® and about 9% of 
118! remain in the ash. Since 
such ash is a potential source of dust during 
the incinerator and subse- 
quent collection and disposal, it constitutes 
these 


the isotope 


removal from 


a hazard to personnel engaged in 
Accepted for publication Nov. 1, 1956. 
Harvard School of Public Health Department 

of Industrial Hygiene. 


M.S., and LESLIE SILVERMAN, Sc.D., Boston 


operations, especially those removing ashes 
from incinerators on a daily schedule. 

In the tests previously referred to, atmos- 
pheric samples were collected at the breath- 
ing level the 
radioactivity of the samples was determined. 


during ash removal, and 
Based on the results, recommendations have 
been proposed for disposal of P%*- and ['*!- 


contaminated wastes by incineration. 


Purpose of Present Study 


In order to evaluate dust hazards asso- 
ciated with the removal of ash from incin- 
erators, it was proposed to study normal 
cleaning operations for various types of 
Data obtained on 
the range of dust exposure, size distribution 
of particulates, 


incinerators. would be 


and period of exposure. 
Such information, not available in the pub- 
lished constitute back- 
ground data of general applicability for 


literature, would 
estimating exposures during the cleaning of 
incinerators which are used for the disposal 


of radioactive waste materials. 


Types of Incinerators Investigated 


were ash- 
removal operations at six incinerators lo- 
the (1) Town of 
(2) 
U. S. Public Health Service Hospital (gen- 
(3) Lemuel C. Shattuck Hos- 
pital (chronic disease hospital) ; (4) Boston 


Samples collected during 


cated in Boston area: 


Brookline (municipal incinerator) ; 


eral hospital ) ; 
Sanitorium (tuberculosis hospital), and (5) 


Harvard Medical School 


search animal farms). The type of waste 


(two medical re- 


burned in each of the incinerators is shown 


with other data in Table 1. 


Photographs 
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DUST EXPOSURES DURING ASH REMOVAL 


of the incinerators are shown in Figures 1 
and 2. 


Except for the samples from the general 
hospital, analyses were started immediately 
after collection; in the former case, analyses 
were begun about eight hours after sam- 
pling. 


Types of Samples and Analytical 
Techniques 


To evaluate the instantaneous dust load during 
ash removal, periodic samples were taken at the 
operator’s breathing zone with a Bausch and Lomb 
dust counter. These indicated maximum and mini- 


mum dust concentrations as well as variations 


during the period. 


Meg mnell et al. 


Fig. 1 


municipal 


Types of incinerators: A and B, 

3rookline, Mass.; C, 
general hospital (U. S. Public Health Service 
Hospital, 


incinerator, 


Boston ) 


Two midget impingers were used at each in- 


cinerator location to collect 


integrated samples 


during the entire cleaning process. These were 


located to represent as nearly as possible, without 
interfering with the cleaning operations, average 
exposure conditions for the person cleaning the 


incinerator. Counting was done with Spencer 


bright-line hemocytometer cells according to the 
procedure outlined by Williams. 


Samples of air-borne dust were collected on 


membrane filters to obtain particle-size-distribu- 


tion data. Sizing was done with use of Porton 
graticules, 97 x 


10 


oil-immersion objectives, and 
Approximately 200 particles were 


sized in each sample to obtain a distribution curve 


eyepleces 


The geometric mean diameter by count and the 


standard geometric deviation were determined 


from the distribution curve.* These same para- 
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Types of incinerators: 


Fig. 2 
pital) ; B, 


Sx ho and D, 


Animal Farm 2, Harvard 


meters were determined for a composite sample 


by combining the size-frequency data of the six 
individual Such 
representative of the 
air-borne dust associated with ash-removal opera- 
tions at the 


air-borne samples average 


values are believed to be 


incinerators studied. 
Membrane-filter samples were examined micro- 
scopically under white light and polarized light 
to ascertain general appearance of the dust and 
such properties as shape, color, opacity, crystalline 
or amorphous structure, degree of agglomeration, 


birefringence, and any other 


pertinent optical 
properties 
A sample of the ash 


incinerator 


was collected from each 
Quartering was not possible in the 


collection of the samples because of the practical 
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A, chronic disease hospital (Lemuel C. Shattuck Hos- 
tuberculosis hospital (Boston Sanitorium); C, Animal Farm 1, Harvard Medical 
Medical 


Schoc 


complications involved; however, an effort was 
made to obtain representative samples by taking 
a small portion of the fine ash from every third 
shovelful removed by the operator. In the case 
of the municipal incinerator, portions were taken 
at various spots in the ash pile after it had been 
dumped truck. Ash were 
screened through a 325-mesh Tyler screen, and 
size-distribution 


from the samples 
individual 
samples and the composite were determined for 
The 


screened ash also was examined microscopically 


parameters of the 
comparison with the air-borne dust samples. 


to determine its general characteristics. 

Approximately 1 gm. portions of the screened 
ash were weighed, heated for one hour at 104-110 
C, and reweighed to determine moisture content 
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Combustion of the dried ash was carried out in a 
muffle furnace at 725 C, and it was reweighed to 
ascertain the proportions of combustible and non- 
combustible materials. Particle-size-distribution 
data were determined for the residue of the ig- 
nited sample from An‘mal Farm 2, which had 
been found to have the highest ratio of com- 
bustibles. Results of size analyses are presented 
in Table 2. 


General Observations 


Observations in this study were made 
during regular ash-removal periods at the 
various installations. Employees routinely 
responsible for the task were requested to 
conduct their operations normally. No at- 
tempt was made to alter or improve cus- 
tomary Except for the 
municipal incinerator, the equipment, ash 
containers, and cleaning techniques at all 


institutions were comparable. 


procedures. 


Dust concentrations in the room air were 
influenced by factors under the operator’s 
direct control, such as thoroughness of 
cleaning, care in shoveling, positioning of 
containers, and height or distance through 
which ashes were thrown or dropped from 
the shovel Nevertheless, it is 
our opinion for field observations that de- 
sign and construction features of the indi- 
vidual incinerators were far more influential 


into cans. 


than human factors in determining the de- 
gree of dustiness. The most important con- 
siderations in air-borne dust 
appear to be stack-draft and room-ventila- 
tion rates. Where sufficient draft and make- 
up air were available, it 


reducing 


observed 
visually that air-borne dust was drawn into 


was 


the furnace nearly as rapidly as it was 
created; conversely, where these features 
were insufficient, dust in the room air was 
very persistent. The necessity for raking 
ashes from the hearth and grate onto the 
floor is another significant feature which 
affects the dustiness of the space. 


Comment on Results 


Ash-Removal Time.—As given in Table 
2, this includes the total time the operator 
spent in the dusty environment. Although 
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the time required depends to a large extent 
on such physical variables as the size and 
design of the incinerator, the room amount 
of ash to be handled, and the space allocated 
for maneuvering long-handled cleaning 
tools, the degree of cleaning provided by 
the particular operator had a more direct 
effect on this factor. Depending on the 
established procedure at each institution, 
certain operators merely removed ash from 
the combustion grate; others cleaned the 
grate, hearth, and secondary chamber ; some, 
in addition to these duties, swept the floor 
and removed ash containers to a storage 
room. In each case sampling was started 
when the operator began his duties and was 
continued until his routine cleaning proce- 
dure was completed and he left the room. 
Therefore, the times given in the Table do 
not necessarily reflect either equal degrees 
of thoroughness in cleaning the incinerator 
and the room of ashes or the total time 
that dust remained in the room air; rather 
they are evaluations of the length of expo- 
sure experienced by the individual opera- 
tors as they performed their usual duties. 

Dust Exposures. — Although instantane- 
ous concentrations detected with the Bausch 
and Lomb dust counter were very high at 
times, especially immediately after the start 


of ash removal, counts quickly dropped 


almost to background level when cleaning 
was completed. The average dust exposures 
do not appear to be excessive, particularly 
when evaluated on a basis of time and fre- 
quency of cleaning. Of the several institu- 
tions tested, the farms and the 
sanitorium had the highest 
The quantity of ash re- 
moved from the animal-farm incinerators 
was quite small (one or two 25 gal. filled 
trash cans). 


animal 
tuberculosis 


average counts. 


The high counts are believed 
due to the limited size of the rooras, com- 
bined with small-diameter stacks. In the 
tuberculosis hospital the high count can 
perhaps be attributed to the diligence of the 
operator who brushed the grate dust which 
remained after the shoveling and scraping 
operations. In addition, incinerator draft 
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provided by the main boiler stack was con- 
siderably reduced by about 60 ft. of hori- 
zontal breeching (15 by 18 in.) containing 
several sharp bends. 

Only one incinerator, that of Animal 
Farm 2, caused discomfort to us as we 
observed the cleaning operations. A burning 
of the nasal and throat mucous membranes, 
similar to that created in breathing lime 
dust, was observed. 

Dust Particle-Size Distribu- 
The size and character of the air- 
dusts all 
similar. Geometric mean diameters by count 
ranged from 0.41p to 0.68», with a mean 
size of the composite sample of 0.43. The 
standard geometric deviation by count was 
quite variable, ranging from 2.20 to 4.89, 
with a value for the composite of 3.86. 
High values for the standard deviation can 
be attributed to a high percentage of mi- 


Air-Borne 
tion. 
from incinerators 


borne were 


nute particles plus the fusing or agglomer- 
ating of finer particles to form numerous 
clumps. These large masses of particles 
were dispersed into the air as a consequence 
of the shoveling operations and were picked 
up in the breathing zone during the sam- 
pling. It was observed that much of the 
dustiness ash 
being dropped into the ash container, which 
emitted a cloud of dust. Care in the place- 
the 


aspiratory effects of the incinerator draft 


resulted from shovelfuls of 


ment of containers so as to utilize 
plus careful disposal of ash into the cans, 
rather than dropping or throwing, would 
aid immeasurably in reducing dust expo- 
sures. 

Geometric mean sizes by weight, com- 
puted from the mean size by count and the 
standard deviation, are quite variable owing 
to the wide range in standard deviations for 
the various samples. 

Ash Particle-Size Distribution.—Particle- 
size parameters for the ash passing 325- 
mesh are indicated in Table 2. Geometric 
mean size by count for the composite sam- 
ple is 0.524 as compared with 0.43» for 
Values of the standard 
geometric deviation are the same for both 


the air-borne dust. 
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air-borne and ash composite samples. It is 
noted that, whereas the largest standard 
deviations for air-borne samples were ob- 
tained for the animal-farm incinerators, the 
largest values for the screened ash were for 
the incinerators burning the more conven- 
tional type of waste material. 

Ignited Ash Particle-Size Distribution.— 
For the one example where a particle-size 
distribution was determined after the ash 
had been ignited, the geometric mean size 
from 0.584 to 0.74», and the 
standard deviation increased from 3.28 to 
3.52. This the 
average particle size and a greater range 
Ignition of the ash evi- 
dently resulted in a loss or fusion of smaller 
particulates and the breaking up of the 
larger ones. 


increased 


indicates an increase in 


of particle sizes. 


Analyses of Ash Passing 325-Mesh. 

Table 2, 
was a negligible constituent of the samples, 
ranging from 0.5% to 1.8% by weight. It 
should be pointed out that conditions for 


Moisture in the ash, as shown in 


moisture regain from the air for the several 
ash samples were quite different; ash from 
the various incinerators was subject to dif- 
ferent times between furnace shut-down and 
ash removal, varying exposure to the labora- 
tory air during screening, and diverse at- 
mospheric conditions. 

Screened ash samples from the municipal 
incinerator and the three hospitals con- 
tained 8%-10% combustibles. The ash from 
animal farm 


one (that handling smaller 


experimental animals, such as mice and 
guinea pigs) contained only 3.5% combust- 
ible matter, whereas the sample from the 
other (which disposed of relatively larger 
animals, such as dogs) had 18.9%. The 
latter two incinerators were of nearly iden- 
tical construction and operation. 
Macroscopic inspection of the ash samples 


before ignition revealed various shades 


from gray to brown, which were probably 


related to the degree of combustion; after 
ignition all samples appeared to be of a 
nearly uniform cream color, and microscop- 
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ic examination of the residue verified that 
carbon had been removed from the ash. , 
Microscopic Examination. — Air-borne 
samples collected on the membrane filter 
and samples of the ash passing 325-mesh 
appeared to be of almost identical composi- 
tion when viewed under white or polarized 
light. In general, the larger particles con- 
sisted of agglomerated masses which under 
white light appeared to be small black and 
brown particles bound by a transparent 
matrix. Nonagglomerated particles were of 
no particular characteristic shape, being 
angular compact masses. Particles, in gen- 
eral, were transparent under white light. 
About 10% of the particles were birefrin- 
gent, and most of these appeared to be 
the agglomerates. A small 
number of individual crystals of low bire- 
fringence and a very few of high birefrin- 


embedded in 


gence were noted. Most of the ash was of 
silicate composition, but no detailed petrog- 
raphy was believed warranted. 

After ignition the ash appeared to be 
more uniform and of larger size than the 
Practically all the 
opaque black and brown particles had dis- 
appeared, and under white light particles 
were nearly all Very few 
birefringent particles were noted, none with 
high birefringence. It is thus probable that 
the carbonates remaining had been decom- 
posed. 


ash before combustion. 


transparent. 


Summary and Conclusions 


Dust exposures to the operator during 
ash removal are not excessive for the aver- 


age institutional-type incinerator, as the 
stack draft through the open furnace doors 
draws most of the dust produced by the 
operation back into the incinerator. Instal- 
lations with small stacks, or when reverse 
flow is created by wind action, produce 
higher and more persistent dust concentra- 
tions. Several operators commented that 
incinerater operation was poorer during 


rainy weather. The effect of outside weath- 
er conditions on draft and ventilation of the 
cleaning operation is apparent. 

Incinerators of the type tested, using 
water quenching of ash before discharge to 
the ash truck, produce only minor dust ex- 
posures. Where it can be accomplished, 
wetting is advisable. 

Air-borne dust in incinerator rooms is 
of the same general composition as the ash. 
It is composed of a high percentage of small 
particles (50% less than 0.54), with larger 
particles which are predominantly agglom- 
erates of the smaller particles. Sufficient 
large particles are air-borne to result in a 
large standard geometric deviation of the 
size-distribution curve. 

Exposure period for operators removing 
ash is a function of the degree of cleaning 
accomplished as well as the quantity of ash 
removed. 

Stack draft and room ventilation appear 
to be the most important factors in limiting 
the concentration of air-borne dust in the 
incinerator room. 

A large proportion of the dust exposure 
incident to ash removal could be eliminated 
by careful placement of disposal cans to 
take advantage of the effect of stack draft 
and by care in depositing ashes from the 
shovel into containers. Obviously the fur- 
nace door and grate opening should be kept 
open throughout all cleaning in the incin- 
erator room. 

55 Shattuck St. 


(15) (Dr. Silverman) 
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Introduction 


Industrial investment casting is a new industry, and little is known about the 
potential health hazards associated with its operation. Kramer and Goldwater ! 
reported the hazards associated with the use of mercury as a pattern material ia 
the Mercast process. Many investigators have reported on the health hazards 
in the sand foundry industry. Since there is a material difference in the sand 
casting foundry technique and the investment casting technique, this study was 
undertaken to determine the nature and extent 


of the potential health hazards in 
this industry. 


Investment-Casting Industry 


History.*—Industrial investment casting is more commonly known as the 
lost-wax process. Three different sources were responsible for the development 
of the industrial casting techniques. The fundamentals of this process came from 
the arts. This method of casting was used in the creation of statues and artifacts 
as long ago as 2000 B. C. in Egypt and perhaps earlier in China. With the ex- 
ception of a few fleeting instances, little is known of the progress of this art 
until the 16th century. During the 16th century Benvenuto Cellini cast many of 
his figures and objects of art using the lost-wax process. Like others of his con- 
temporary artistic countrymen, he kept his method secret; thus, the process was 
lost for several hundred years. 

The process, however, was rediscovered in 1897 by a dentist, B. F. Philbrook, 
and further developed by Dr. W. H. Taggart. The dental profession contributed 
accuracy, smooth surfaces, and investment compounds to this casting process. 

The third source of information and technique was supplied by the jewelry 
trade in the early 1930’s. The manufacturing jewelers’ contribution to the lost- 
wax process was the development of a permanent die as a means of producing 
thousands of castings as exact duplicates of the pattern. 

Plant Distribution.—Prior to World War II less than 10% of the existing 
number of manufacturers presently in this industry were in operation; about 20% 
started business between 1940 and 1945, and the balance, or 70%, started after 
World War II. In 1955 there were 189 investment casting establishments in 
the United States, Canada, and Europe, employing a total of 12,400 production 
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1.—Number of Investment-Casting Establishments 
and Number of Their Production Workers in the 
United States, Canada, and Europe, 1955 


400 
2,000 


workers. Approximately 50% of these workers were women. Table 1 shows the 
plant and population distribution.* 

Description of Operation —The principal steps in the production of castings 
by the investment casting process are as follows: preparation of wax or plastic 
patterns ; dip coating of patterns; investing; mold burn-out; melting and casting ; 
knock-out, and cleaning of castings. 

To produce the patterns, a split metal die is prepared from the master pattern. 
The die cavities are sprayed with parting compounds, generally consisting of a 
mixture of green soap and water or nonhydrolyzable silicones. The vehicles em- 
ployed with the silicones are methylene chloride, perchloroethylene, or members 
of the Freon family of fluorocarbons. 

The commonest method of filling the dies is to force the wax into the cavity 
with air or hydraulic pressure. A wide variety of waxes are used, including bees- 
wax, carnauba, and several crystalline-type petroleum waxes. Trichloroethylene 
and carbon tetrachloride are used when necessary to clean out sticky parts of the 
pattern dies. 

The wax patterns are generally grouped together to form a tree or cluster 
around the pouring sprue, and it is common practice to use small electric soldering 
irons or hot knives to soften momentarily the wax pattern in order to attach it 
to the common sprue. After the wax patterns have been assembled, it was ob- 
served in some plants that each assembly was dipped into a solvent, either ethyl 
alcohol or benzene, in order to remove all traces of the parting lines. 

Polystyrene plastic can also be used as a pattern material. A plastic cement, 
using benzene or carbon tetrachloride as a vehicle, is used in some plants to 
assemble the plastic patterns. After being grouped into clusters or trees, the 
plastic patterns may receive further treatment of cleaning with solvents prior to 
dip coating. ‘ 

The tree or cluster is dipped into a slurry which contains approximately 70% 
silica flour and such ingredients as octyl alcohol, ethylhexanol, sodium fluoride, 
chromium oxide, iron oxide, sodium silicate, gum tragacanth, wetting agent, sol- 
vent, and many other materials to give desired surface properties. Spraying is 
another method of applying this coating. After the coating has been applied, 
coarse sand is sprinkled (Fig. 1) over the dip coat to provide better bonding 
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4 
| Number of  Mumber of 
establishments | production workers 
United Stotes - Toto! 132 10,000 
New York 27 
Coliformoa 18 
Otvo 
Machigon 10 
10 
Mossochusetts 9 
New Jersey 8 
Pennsy/vomo 6 
Minnesoto 4 
indiono, Missouri, 
Wisconsin -(3 each) 9 
Delowore , lowo, New Hompshire, | 
Texas, Virginio - {2 each) 10 
Alobome, District of Columbia, 
Konsos, Kentucky, Oregon, 
Rhode Islond, So. Caroline, 
Tennessee, Washington, West 
Virginia - ( / each ) 10 
Canodo “ 
Europe 46 
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Fig. 1—Sand coating dipped patterns. (Courtesy, 
Misco Precision Casting Company; photograph by 
Torkel Korling. ) 


surfaces for the main body of investment material. The coated pattern may be 
waterproofed by spraying, or dipping, with dimethyl silicon dichloride, mineral 
acids, monammonium phosphate, zinc chloride, or ethyl silicate. 


The dip-coated patterns are then invested. Webster’s definition of “to invest” 
is “to envelop or cover.” Therefore, the slurry that is poured over the tree is 
called an investment. 

In general, investment materials are mixtures of graded refractory materials, 
such as fire-clay grog, silicon dioxide, silica flour, sillimanite, cristobalite, alumi- 
num oxide, zirconium oxide, and flint. Magnesium oxide is used as an accelerator. 
The materials are dry-mixed in cone blenders, open-end mixers, or mullers. The 
dry mix is placed in individual containers, because most investment mixes segre- 
gate readily in mechanical conveying. 

3inders used with these materials include Portland cement; sodium silicate and 
phosphoric, nitric, or hydrochloric acid; ammonium or sodium phosphate; ethyl 
silicate and ethyl alcohol, acetone, cellosolve or isopropanol alcohol, and zirconium 
oxychloride. 

The dry mix and binder are mixed in a open-end mixer or commercial dough 
mixer. A flask is placed around the tree, and the investment slurry poured (Fig. 
2) around the tree. To remove any entrapped air, the flasks are tamped, vibrated, 
or vacuumed. The molds set up in 30 to 60 minutes. 

The molds are inverted and placed in a melt-out furnace at about 350 F, and 
the melted pattern material is allowed to run out and is collected for re-use. It is 
from this step in the process that the name “lost wax” is derived. The mold is 
further heated in a burn-out furnace at 1200-1800 F to volatilize or burn away any 
pattern material which has soaked into the mold or which has not run out of the 
cavity made by the pattern. The metal is poured into these molds immediately 
upon removal from the burn-out furnace. Some Society of Automotive Engineers 
series of constructional and stainless steels are reactive to the mold surface; 
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Fig. 2—Wet mixing and investing patterns. 
(Courtesy, Misco Precision Casting Company; 
photograph by Torkel Korling.) 


therefore, to protect the surface, the mold is inoculated by squirting 3-6 cc. of car- 
bon tetrachloride or trichloroethylene into the hot mold cavity. 

Melting may be done in the usual types of equipment, except that very small 
furnaces are used. High-melting-point alloys can be melted in carbon-are or induc- 
tion furnaces. Lower-melting-point alloys can be melted in induction furnaces 


or in oil or gas-fired stationary or tilting furnaces. 

The actual casting of the molds varies greatly from shop to shop. In some 
cases the molds are poured statically ; in other cases centrifugal casting machines, 
air pressure machines, or vacuum machines are used. 


Fig. 3.—Knock-out of 
investment molds. (Cour- 
tesy, Misco Precision 
Casting Company; photo- 
graph by ‘Torkel Kor- 
ling. ) 
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When the mold is cool, the casting is knocked out (Fig. 3) of the flask by 
means of a pneumatic hammer. The sprue and gates are then cut off and neces- 
sary grinding operations performed. The surface of the casting is frequently 
treated in order to give a desired finish. This is done by either sand blasting, 
tumbling, or wheel abrading. 

Prior to shipment the castings receive a final inspection. The castings that 
are used in aircraft assemblies may require 100% x-ray inspection. 

The above description reveals that the investment casting process differs in 
three major respects from normal sand casting techniques: The pattern of the 
desired part is made of an expendable material, such as wax or plastic, and a new 
pattern is required for each casting; the molding mixture, called investment, has 
the consistency of thick cream or slurry and is consolidated by vibrating, tamping, 
or vacuuming, and the metal is cast into hot molds. 


Other Investment-Casting Processers 


Shaw Process.—This process involves the use of a mold material, consisting 
of ethyl silicate and refractory, which passes through a pliable stage during 
solidification and can be stripped from the permanent pattern. These mold sec- 
tions are ignited for drying. They are then assembled and clamped together. 
Around this assembly a quick-setting refractory slurry is poured. This is fired 
by igniting and is then ready for pouring. 

. Investment X.—The wax pattern is sprayed or dip-coated a number of times 
in a mixture of ethyl silicate and refractory material to build a refractory shell. 
After formation of the shell the wax is removed by immersion in trichloroethylene 
vapors at 120 F. The finished mold is packed in a canister or flask with dry 
refractory back-up material for pouring. 

Mercury Casting Process——A mercury pattern is made by freezing mercury 
which has been poured into a steel die. A ceramic shell mold is built around the 
frozen-mercury pattern by dipping the pattern into a slurry containing refractory 
materials. The mercury is extracted by allowing the mercury to remain at room 
temperature. The shell mold is baked to insure complete removal of the solvent 
and then fired. The fired shell mold is placed in a flask, and loose sand is poured 
around the shell as back-up material prior to pouring. 

Glascast Process —Glascast powder is essentially a finely crushed (325 mesh 
or smaller), 96% pure silica glass, mixed with water. No binder is required. 
Poured into a porous plaster form, the slip builds up into a glass shell which 
is dried, removed from the mold, and fired. The shell is then ready for use with- 
out further treatment. The shell can be assembled with wire or cement or placed 
in flask with back-up material and then poured. 

The silica glass powder contains approximately 2% quartz, and the remainder 
is a noncrystalline form. 


Ellis Process —This process is essentially a combination of plaster casting 
and investment casting techniques. 


Results of Environmental Studies 
Atmospheric Contaminants—Dust 


The modern investments should be divided into two classes: those used for 
low-temperature work and those used for high-temperature work. Low-tem- 
perature investments are used for metals which contain no iron and which have 
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pouring temperatures of 2000 F or below. High-temperature investments are 
primarily used for metals that are poured above 2000 F, although they may also 
be used for low-temperature work. 


Two types of high-temperature investment were encountered in this study: 
The custom formulation, developed by the individual plant, consisted of 30%- 
60% fire-clay grog, 17%-24% silica sand, 21%-52% silica flour, and a binder 
of ethyl silicate and ethyl alcohol. The proprietary-investment formulation, de- 
veloped by commercial sources, consisted of silica sand, silica flour, and a water- 
soluble binder. 

The low-temperature investments were a mixture of silica sand and silica flour 
and used plaster of Paris as the binder. 

Analysis of 10 custom and proprietary high-temperature investments showed 
an average free silica content of 70% and 82%, respectively. Analysis of five 
proprietary low-temperature investments showed an average free silica content 
of 28%. 

The investment process lends itself to casting metals which have high melting 
temperatures and which are difficult to machine. The alloy range of these metals 
is 5%-50% cobalt, 5%-55% nickel, and 1%-30% chromium. In addition, carbon 
and low-alloy steels, stainless steels, yellow brass, bronze, beryllium-copper, alumi- 
num, and magnesium are also cast. 


TABLE 2.— Per Cent by 

Weight of Free Silica in 

Air-Borne Dust in Five 

Investment-Casting Es- 

tablishments According 

to Operation and Type 
of investment 


Free Silica in Air-Borne Dust.—Table 2 shows the per cent of free silica 
on a weight basis in the air-borne dust by operation and by type of investment. 
The free silica contents of the total sample and the fraction less than 5p in size 
are given. Range and median values are shown. 


These data show that the average free silica contents in the total sample and 
the fraction less than 5m are higher in custom investment. The significant differ- 
ence observed between custom and proprietary investments in the knock-out 
operations may be attributed to the formation of silicic acid on the hydrolysis of 
ethyl silicate with ethyl alcohol. In all other operations, for both types of invest- 
ment, the average free silica content of the total sample was about 40% greater 
than the average free silica content in the fraction less than 5y. 


Free Silica in Settled Dust—The samples for this determination were col- 
lected from beams and overhead pipes 10-15 ft. above the floor level. These 
samples were collected for custom and proprietary investments in the following 
areas: (1) dry mixing; (2) wet mixing, and (3) knock-out. The results of these 
samples for free silica are as follows: 
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le Free silica percent by weight Free silica percent by weight 
Operotion | of Tote! sample, Fraction less Tote! sample| Fraction less 
Samples than 5 microns than § microns 
|__| Ange | | Ange | 
Dip coating 5 37-80\ 54 - ‘ 
Ory mixing 76-98) 87 |\44-52| 47 - 
Wel mixing 6/-83\ 74 | 4i-54\| 47 5/-85 23-5/ | 36 
Knockout 13 63-90)| 72 | 56-67 63 2/-70 25 
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Custom Investment Free Silica, Proprietary Investment Free Silica, 

No. of Per Cent by Weight Per Cent by Weight 

Range Mean Range Mean 


Dry mixing.........-- 52-63 57 
Wet mixing...... 50-63 


* This operation not necessary for proprietary investment. 


A comparison of the text tabulation on settled dust with Table 2 shows that 
the free silica content of dust less than 5» in size at the knock-out operation 
using custom investment was the same as the settled dust. In all other operations 
the free silica content of dust less than 54 was about 20% less than that of the 
settled dust. The average free silica content of all settled dust for the proprietary 
investment was 25%-50% lower than that for the custom investment. 

Relation of Particle Size to Weight—This was determined from the air-borne 
dust collected with the gross air sampler in the vicinity of the various operations. 
The gross air sampler was operated at breathing-zone levels. The samples were 
elutriated, as previously described, and the per cent by weight of the dust less 
than 5, for the various operations was found to be as follows: 


Per Cent by Weight of Air-Borne 
No. of Dust Less Than 5 » 
Operation Samples - 


Range Mean 


Wet 6.0-21.9 12.6 
Knock-out....... 5 4.5-23.3 12.8 


These values were essentially the same for the custom and proprietary 
investments. 

Particle-Size Distribution —This was determined for 12 custom investments 
and 6 proprietary investments, and these samples were prepared as previously 
described. While these samples were not collected in all five investment establish- 
ments, they were selected to be representative of all conditions encountered. 
Figure 4 presents the particle-size distribution of dust at wet-mixing and knock- 
out operations for the custom and proprietary investments. The distribution 
curves for the dry-mixing and grinding operations fall between the curves for 
the wet-mixing and knock-out operations. Table 3 summarizes the data on 
particle-size measurements of the 18 samples of air-borne dust. Seventy-five per 
cent or more of all particles were 3.5 or less. No appreciable difference was 
noted in particle-size distribution between the custom and the proprietary invest- 
ment at the wet-mixing operations. At the knock-out operations the size distribu- 
tion for both types of investment was higher than at the wet-mixing operations. 
Knock-out operations using the custom investment had the lowest geometric mean. 

Dust Concentrations.—Table 4 shows dust concentrations at the major opera- 
tions. In addition to these activities there are certain functions performed on an 
intermittent basis. One of the operations involved unloading silica sand and 
silica flour from boxcars. Two samples collected showed dust concentrations of 
282,000,000 and 361,000,000 particles per cubic foot. Four samples were collected 
at dip-coat mixing. These showed dust concentrations ranging from 14,000,000 
to 182,000,000, with an average of 75,000,000 particles per cubic foot. Repairing 


Tubich et al. 229 


42-46 44 
ee 64 25-43 34 
| 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 4.—Particle-size distribution of air-borne invest- 
ment dust. 


Percent of totel somple equal to or less than 
indicated size 


2.5 
TABLE 3.—Particle-Size Dis- ons 
tribution of Air-Borne Dust 
in Five Investment-Casting 
Establishments According to 
Operation and Type of 
Investment 


Custom rwestmert Proprietary investrent 
of particles per cubic foot of ar of particles per 
foot of ar 
Piont A Plant 8 C Pient 0 Pant 


14-64 | 5.0-27.5| 3.4-5.9 | 12.8-28.3| 5.3-8.8 
0 
6.3-69.2| 5.1-640 |103.0-3.6| Imvestment-Casting Es- 
5.8-48.2 | 19.9-183.0| 71.8-91.2 | 16.3-60.0 | 16.0-32.9 tablishments by Opera- 
6.3-37.9| 19.1-151.0 | @.5-83.4| 2.3-7.5 | 28.1-107.8 tion, Plant, and Type of 
5.2-14.5 | 198-210 | 27.4-47.2| 17-57 | 4.8-19.5 Investment 
Sprve and gote 
at-off 5.2-4.2 | 15-22 | 12.9-13.7 | 2.9-5.5 | 2.0-26.7 
17-6.3 | 2.0-3.3 | 2.6-.8 | 3.3-3.8 


This operation not necessary for proprietary investments. 


and rebuilding small electric-are furnaces revealed dust concentrations of 17, 
000,000 and 42,000,000 particles per cubic foot. 

It was observed that the proprietary investment produced a lower mean dust 
concentration than the custom investment. However, in each instance dust con- 
centrations were in the same frequency-distribution classification. 

Table 5 shows frequency distribution of dust concentrations according to 
operation. Of the 153 samples shown in the Table, 112, or about 65%, involved 
silica dust. The remaining 41 samples, or about 35%, were on operations at which 
metallic dust was predominant. On operations involving silica dust, approximately 


Vol. 15, March, 1957 


Knockout - Custom 
| 
+ 
LA | | | | 
cop tt | 
Portiche site in (microns 
| 
Operatic 
1s 
microns 
35 
37 
47 
Knockout - Custom 13 95 90 65 
Knockout - Proprietory 1.5 93 85 56 
Grinding Custom 89 80 38 
| be 
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Number of samples with indicated range of million of particles per cu. ft. of air. 


No. of 75.0 
0.0-4.9 | 5.0-14.9 | 1§.0-34.9 | 35.0-74.9)\ or over 


8 
TABLE 5. — Frequency 
Distribution of Dust 
Concentrations in Five 2 
Investment-Casting 
Establishments 
According to 
Operation 


32.5 28.8 19.0 12.2 7.2 


80% ef all samples were greater than 4,900,000 particles per cubic foot of air, 
and on metal dust approximately 65% were less than 4,900,000 particles per 
cubic foot. 

lron.—Together with its compounds iron was evaluated as a constituent of 
investment dust. Results of the analysis of dust samples are shown in Table 6. 


TABLE 6.—Concentrations of Iron and Its Compounds 
(Expressed as Fe) in Air-Borne Dust 
According to Operations 


Highest concentrations of iron dust were found at sprue and gate cut-off, fol- 
lowed by grinding and knock-out operations. 

Cobalt, Nickel, and Chromium.—Table 7 presents the results of samples for 
nickel, cobalt, and chromium taken at similar operations in plants casting heat- 
resistant alloys. 

Gross air samples in areas where metallic dust was to be expected were ob- 
tained for iron in those plants casting steel and for the alloy elements, cobalt, 
nickel, and chromium, in plants casting the heat-resistant alloys. Typical of the 


concentrations found are these results at various grinding operations in one plant: 
iron, 0.43%-0.65% ; cobalt, 0.55%-1.06% ; nickel, 3.00%-4.10% 


0.33% -7.7%. 


, and chromium, 


Miltegrams per cubéc meter 
0.02-0.15 0.08 
0.04 


TABLE 7.—Concentrations 

of Cobalt, Nickel, and 

Chromium According to 
Operation 


0.22 
0.14 
0.025-0.20 0.13 


0.013 -0.10 0.60 
0.006 


0.012 -0.017 
0.25-1.67 
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Rafter samples of settled dust were collected, and similar information obtained 
for comparison. The results are as follows: iron, 0.23% ; cobalt, 0.67% ; nickel, 
1.7%, and chromium 0.32%. 


Atmospheric Contaminants—Solvent 


The solvents used may be readily divided into three categories, alcohols, aro- 
matic hydrocarbons, and chlorinated hydrocarbons. Several types of alcohols 
were encountered in custom-investment binders, dip-coat mixtures, and washing 
of wax patterns. Benzene was used as a diluent in the preparation of a plastic 
cement and washing of plastic patterns. Carbon tetrachloride and trichloroethylene 
were involved as mold inoculating agents, plastic cement diluents, and general 
cleaning or degreasing solvents. 

Another major compound in the binder used with custom investments was 
ethyl silicate. 

Alcohols.—In the use of ethyl alcohol as a binder for custom investments, 
concentrations of solvent vapor in air were determined on five different days 
during the winter and summer, and no appreciable difference in concentration 
levels was noted. In the binder preparation room, which was provided with 
good local ventilation, general room levels of ethyl alcohol ranged between 25 
and 50 ppm. During the operation of investing general room concentrations 
with no general ventilation provided were found to range between 500 and 1500 
ppm. Breathing-zone determinations made at investing operation, with poor local 
ventilation, revealed concentrations ranging from 1000 to 5200 ppm. 

At one plant pattern clusters were dipped into ethyl alcohol prior to dip- 
coating. Concentrations of ethyl alcohol in the workers’ breathing zone on two 
different days ranged between 800 and 1000 ppm. The operation was intermittent, 
being carried on three or four times daily for 10 to 15 minutes at a time. 

Octyl alcohol and isopropyl alcohol were found to be components of dip coats. 
No information is available with regard to industrial exposures of octyl alcohol, 


although it is known that the vapors cause irritation of the mucous membranes 
of the eyes and upper respiratory tract. 


Aromatic Hydrocarbons.—In the one plant using benzene, no air samples 
were taken because of the flagrant manner in which this solvent was being used. 
Since no local or general ventilation was provided, immediate recommendations 
were made to provide a less toxic solvent. 


Chlorinated Hydrocarbons.—In the mold inoculation operation 3-6 cc. of car- 
bon tetrachloride or trichloroethylene is placed into the mold cavity by means of 
a pressure oilcan after removal from the furnace and immediately prior to pour- 
ing. Samples were taken during this operation for phosgene with negative 
results. In this particular plant adequate general ventilation was apparently 
controlling the hazard. 

Trichloroethylene has been used as a substitute for carbon tetrachloride in 
mold inoculating and to clean out sticky dies. This solvent was generally kept 
in an oilcan and was used three to six times a day. General room concentrations 
during occasional cleaning of dies ranged from 25 to 50 ppm, and breathing-zone 
determinations were 100-200 ppm. At the close of the shift the worker squirted 
trichloroethylene all over the die and worktable and cleaned up with a rag. Gen- 
eral room concentrations during this operation were 200-300 ppm. Breathing- 
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zone concentrations for 5-10 minutes during this period were greater than 425 
ppm. 

Ethyl Silicate—It was not possible to obtain reliable data on the exposure to 
ethyl silicate. Several sampling methods were attempted; however, they were not 
successful because of the formation of ethyl alcohol and silicic acid during the 
hydrolysis of ethyl silicate. Another complicating factor was the presence of 
silica dust in the atmosphere. 


Comment on Atmospheric Contaminants 


Silica.—Slightly more than 10% of the employees are exposed to silica dust, 
and 50% of this group are also exposed to solvents. Another 25% are exposed 
to solvents alone. 

To produce the desired fine surface finish on investment castings, this process 
requires the use of silica flour. Sixty to seventy per cent of the dip-coat mixture 
is silica flour of 325 mesh, and the investment mixes consist of 20%-50% silica 
flour of 160 mesh. 

Size-distribution curves* of representative grades of silica flour are prac- 
tically the same in any of the grades, but the median size decreases with increas- 
ing mesh number from 38y for 120 mesh to 16a for 325 mesh. The per cent 
less than 5u for 120, 160, 200, and 325 mesh silica flour is 5%, 7%, 10%, and 
15%, respectively. A producer of silica flour has reported similar data.® 

The use of silica flour and the manner in which it is used are primarily 
responsible for the high dust counts and free silica concentrations. Another 
factor is the space allotted to production of castings by this process. Most of 
the equipment required is much smaller than conventional foundry equipment, 
and the same applies to size of castings produced. Since less space is necessary, 
the dust-producing operations are located in closer proximity to each other. 

The dust concentrations at the sandblasting operations may be attributed to 
poor maintenance and unwise use of the ventilation provided. 

In animal experiments King* has demonstrated that when quartz dust has 
been treated with dilute mineral acids a great increase in the pathogenicity of the 
quartz dust was observed. Since 0.05% to 8% of nitric or hydrochloric acid may 
be used in the binders for custom investments, a need is indicated for further 
work on acid-treated quartz. 

Recommendations.—A summary of recommendations for controlling dust and 
solvent exposures is presented. Detailed information on ventilation is given in 
the section that follows. 


1. Local exhaust ventilation should be provided for preparation of dip coat, 
sand coating, dry and wet mixing, and knock-out. 


Local exhaust ventilation should be provided for the standard operations 
of sprue and gate cut-off, grinding and polishing, and abrasive blasting. 
Local exhaust ventilation should be provided at the melt-out and burn-out 
furnaces. 

Dust-producing equipment, exhaust systems, and dust-collecting equipment 
should be given proper maintenance at all times. 

The use of benzene and carbon tetrachloride should be discontinued, and 
a less toxic solvent provided. Where this is not practical, local exhaust 
ventilation must be provided. 
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When it is not practical to provide local exhaust ventilation at solvent 
operations, adequate dilution ventilation should be employed. 

The use of large quantities of silica flour requires the best possible house- 
keeping program, which should be enforced at all times. 


Control of Atmospheric Contaminants 


Initial surveys of the investment casting plants indicated that dust-control 
measures, dilution ventilation, and supply-air ventilation were inadequate. The 
results of the environmental studies bore out this observation, and the findings 
have a direct bearing on the design of local and general ventilation. In each of 
the five plants studied, attempts had been made to provide ventilation control. 
However, in only one of these was any attempt made to control all the dust- and 
solvent-vapor-producing operations. 

It is recognized that the industrial plant should be considered as a whole in 
working out a satisfactory ventilation design and that local exhaust, general 
exhaust, and so-called make-up or supply air are dependent on each other for 
satisfactory ventilation. The dust and solvent exposures in this industry can be 
controlled. A series of hood designs, along with basic ventilation data, have been 
prepared for most operations. For those operations that are standard in many 
industries, reference is made to the “Industrial Ventilation Manual’ published 
under the auspices of the American Conference of Governmental Industrial 
Hygienists. The following discussion involves operations which are most char- 
acteristic in the investment-casting plant, along with information on dilution 
ventilation and supply air. 


Local Exhaust Ventilation 


Sand Coating.—After the pattern has been immersed in the dip coat, sand is 
sifted over the surface of the pattern. Dust control at this operation can be 
achieved by the use of a small bench-type hood, as illustrated in Figure 5. Ex- 
haust volumes should be a minimum of 150 cu. ft. of air per minute per square 
foot of face area. Since the bench hood is usually designed for minimum size, 


Fig. 5.—Ventilation for sand- 
coating operations. 


Exhaust ISO CFM/sq. ft. of hood foce area, min. 
2. Duct velocity» 3500 FPM, min. 
3. Slot velocity O00 - 1500 F Pit . 


4. Hood loss shot VP plus .25 duct VP. 
lil 
MICHIGAN DEPARTMENT OF HEALTH 
Front Saxe Front Side DIVISION OF OCCUPATIONAL HEALTH 
ALTERNATE HOOD DESIGN BENCH HOOD FOR SAND COATING 
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interior baffles should be used to provide uniform face velocity. A hood of this 
type was observed in one of the plants, and the dust control was satisfactory. 

Although the operation of mixing the dip coat was carried out only once or 
twice a day, the high dust concentration indicates the need for ventilation con- 
trol. The same type of hood as described above would also be satisfactory for 
this operation. Some of the dip-coat mixtures contain a solvent, and the ventila- 
tion would also provide control for the solvent vapors. 

Dry Mixing.—Mixing of the dry ingredients to prepare the investment is 
carried on by several different methods. The standard muller, cone blender, and 
open-end mixer are used for this operation as well as for wet mixing. A typical 
open-end mixer, similar to a small concrete mixer, can be effectively controlled 


Fig. 6—Booth ventilation 
for dry- and _ wet-mixing 
operations—open-end mixer. 


1 Exhaust ISO cim per sq. ft of foce orec. 


2 Duct velocity » 3500 fpm min. 

3. Booth loss +.25 duct VP. MICHIGAN DEPARTMENT OF WEALTH 
“Cleaning tube" loss at 300 etm. DIVISION OF OCCUPATIONAL HEALTH 
BOOTH VENTILATION FOR 
ORY/WET INVESTMENT MIXING 


with a booth-type hood, as illustrated in Figure 6. The required exhaust volume 
is a minimum 150 c. f. m. per square foot of face area. A semicircular slot 
hood (Fig. 7) may also be used to advantage, but care must be taken to insure 
moderate slot velocities to minimize material losses. 

Common to all dry-mixing operations is the use of scales for porportioning 
the ingredients. The material is contained in small buckets which are used to 
transfer the investment to the dry and wet mixers. A typical booth enclosure 
for this operation is shown in Figure 8. 

It was found that, after the dry investment bucket has been emptied into the 
mixer, there is a considerable release of dust as the bucket is returned to the 
dry-mix area. Control can be provided by a short length of flexible duct at the 
mixer location that serves as a vacuum cleaner for the buckets, as shown in 
Figures 6 and 7. In practice the end of the tube can be dropped into the bucket 
momentarily, and the remaining fines are effectively removed. The existing ven- 
tilation at one plant was modified for this purpose, and dust control was success- 
fully achieved. 

Ventilation design data for the standard muller-type mixers are shown in 
Drawing VS-24, Mixer and Muller Hood.’ 

Wet Mixing.—A commercial-type mixer is used for mixing the proprietary 
investments. Satisfactory control of this operation requires the use of the beneh 
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Fig. 7.—Local ventilation for 
dry- and wet-mixing operations 
—open-end mixer. 


: MICHIGAN DEPARTMENT OF HEALTH 
Cleaning tube" exhaust: 300 cfm; loss wil | pivision OF OCCUPATIONAL HEALTH 


vory with length of tube. LOCAL VENTILATION FOR 
DRY/WET INVESTMENT MIXING 


Sides may be cut 
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HI =e= 
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Fig. 8 — Ventilation for SIDE FRONT 
weighing station. FLOOR STANDING SCALES 
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Exhaust: 150 ctm/sq. tt. of open area. 
2. Slot velocity 1000-1500 tpm. 

3 Duct velocity : 3500 fpm. 

4. Hood loss: 0.25 duct VP. 


| MICHIGAN DEPARTMENT OF HEALTH 


DIVISION OF OCCUPATIONAL HEALTH 
: VENTILATION FOR DRY 
BENCH SCALES INVESTMENT WEIGHING STATION 


hood at the mixer, as illustrated in Figure 9. Minimum air volume should be 
150 c. f. m. per square foot of face. An important source of dust at this opera- 
tion is the scooping of the material from the container, and the exhaust ventila- 
tion is required at this point. A booth-type hood or a small local exhaust hood 
can be used for this purpose. Design data on the latter hood are contained in 
Drawing VS-3, Barrel and Bag Loading.’ 

At all the mixing operations care must be taken in locating duct take-offs and 
selecting design volumes, so that valuable fines will not be lost into the exhaust 
system. This is an important consideration in the design of any dust exhaust 
system, since poor engineering will result in overloading and excessive wear on 
the ductwork, fan, and collector. 

Knock-out.—The castings produced are small, and the knock-out equipment 
and hoods are usually bench-mounted. In two of the plants marginal exhaust 
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Use slots for exhavet 
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— we Fig. 9.—Ventilation for wet- 


mixing operation—commercial 
mixer. 


WOOD CONSTRUCTION 
DET AIL 


Mixer exhaust « 150 per sq. ft. of foce oreo. 

2. Orum exhaust « per sq. ft. of drum opening. 

3. Drum foce velocity « 500 - i000 fpm. 

4 Stet velocity 1000-1300 fpm. WICHIGAN DEPARTWENT OF WEALTH 

5. Duct velocity « 3500 fpm min. DIVISION OF OCCUPATIONAL HEALTH 

6. Hood loss (both)= 175 slot VP plus VENTILATION FOR INVESTMENT 
25 det VP. WET MIXING- SMALL MIXER 


HOPPER EXHAUST 
OETAIL 
moterso! muss! 
be allowed to 
accumulate. 
Fig. 10.—Ventilation and sound treatment for knock- ™ 
out—small castings. 


VENTILATION 
Exhoust volume « 250 cim per sq. ft. of hood foce, plus 
JO% axhaus! Mrough hopper min. 
Quct velocity « 3500 fpm min. 
Mood loss « 0.25 duct VP. 


NOISE 

Treot enclosure with sound deodening mastic 

Instoll muftiers on pneumatic tool exhaust 

Mount grote and krockoul equipment on resilient mountings. 

/solote operation in plont. 

Provide flexible exhoust connection in actwork. 
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ventilation was provided for this operation through the use of enclosing hoods, 
as shown in Figure 10, The basic design of the hoods in use was good; however, 
an insufficient volume of air was being exhausted. A minimum exhaust volume 
of 250 c. f. m. per square foot of open-hood area is required. It is also necessary 
to exhaust the hopper under the grating to provide dust control at this point, 
and the exhaust volume must be a minimum of 10% of the air exhausted from 
above. The exhaust take-off should be located and protected, so that a build-up 
of material in the hopper will not plug the branch duct. 

One of the plants produced castings larger than conventional size and, there- 
fore, used a larger floor standing knock-out arrangement. Ventilation (Fig. 11) 
for the larger equipment would be similar to that used for the bench type of 
operation. 
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Fig. 7.—Local ventilation for 
dry- and wet-mixing operations 
—open-end mixer. 
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Fig. 8 — Ventilation for SIDE FRON 
weighing station. FLOOR STANDING SCALES 
Exhoust : 150 ctm/ sq. ft. of open oreo. 
2. Slot velocity : 1000-1500 fpm. 
3. Duct velocity : 3500 fpm. 
4. Hood loss; 0.25 duct VP. 
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hood at the mixer, as illustrated in Figure 9. Minimum air volume should be 
150 c. f. m. per square foot of face. An important source of dust at this opera- 
tion is the scooping of the material from the container, and the exhaust ventila- 
tion is required at this point. A booth-type hood or a small local exhaust hood 
can be used for this purpose. Design data on the latter hood are contained in 
Drawing VS-3, Barrel and Bag Loading.’ 

At all the mixing operations care must be taken in locating duct take-offs and 
selecting design volumes, so that valuable fines will not be lost into the exhaust 
system. This is an important consideration in the design of any dust exhaust 
system, since poor engineering will result in overloading and excessive wear on 
the ductwork, fan, and collector. 

Knock-out.—The castings produced are small, and the knock-out equipment 
and hoods are usually bench-mounted. In two of the plants marginal exhaust 
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Use slots for exhaust 
@istribution. 


<2 Fig. 9.—Ventilation for wet- 
Stet mixing operation—commercial 


mixer. 
HOOD CONSTRUCTION 
OET AIL 


exhaust « 150 chm per sq. ft. of foce oreo. 

2. Drum exhaust 150 ctm per sq. ft. of drum opening. 

3. Drum face velocity « 500 - 1000 fpm. 

4 Stet velocity « 1000-1800 tpm. MICHIGAN DEPARTMENT OF HEALTH 

5 Duct velocity « 3500 fpm min. DIVISION OF OCCUPATIONAL HEALTH 

6. Hood loss (both)= 175 slot VP plus VENTILATION FOR INVESTMENT 
25 det VP. WET MIXING- SMALL MIXER 
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Fig. 10.—Ventilation and sound treatment for knock- soni 
out—small castings. 


VENTILATION 
| Exhoust volume « 250 ctm per sq ft. of hood foce, plus 
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ventilation was provided for this operation through the use of enclosing hoods, 
as shown in Figure 10, The basic design of the hoods in use was good; however, 
an insufficient volume of air was being exhausted. A minimum exhaust volume 
of 250 c. f. m. per square foot of open-hood area is required. It is also necessary 
to exhaust the hopper under the grating to provide dust control at this point, 
and the exhaust volume must be a minimum of 10% of the air exhausted from 
above. The exhaust take-off should be located and protected, so that a build-up 
of material in the hopper will not plug the branch duct. 

One of the plants produced castings larger than conventional size and, there- 
fore, used a larger floor standing knock-out arrangement. Ventilation (Fig. 11) 


for the larger equipment would be similar to that used for the bench type of 
operation. 


Tubich et al. 


1 
iN 
lam 
=0= 
' 
| 
plots 
| 
cy 
NOISE 
Treot enclosure with sound deodening mastic 
2. Instoll mufflers on pneumotic tool exhaust 
3 grote and knockou! equipment on resilent mountings. 
237 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 11—Ventilation and sound treatment for knock- 
VENTILATION 


out—large castings. 
40% additional exhaust of hopper. 
2 Galt tronsfer exhaust = 350-500 ctm per foot of belt width. 
3 Duct velocity «3500 fpm min. 
4. Booth entry loss « 25 duct VP 
NOISE 

Treot enclosure with sound deadening mastic. 
2 Instoll muftiers on pneumatic tool exhous!. 
3. Mount grote and knockout equipment on resilient mountings. 
4. /solote operation in plent. 
5 Provide flexible connection in exhaust ductwork. 

cs MICHIGAN DEPARTMENT OF HEALTH 

DIVISION OF OCCUPATIONAL WEALTH 
| KNOCKOUT VENTILATION - LARGE CASTINGS 


Disposal of the waste material from the knock-out varied from plant to plant. 
Since this disposal involves further exposure to dust, ventilation must be pro- 
vided for adequate control. Design data for controlling bucket elevators and 
transfer belts are available.” 

Casting Finishing.—These operations involve the usual abrasive blasting equip- 
ment and sandblast cabinets. Generally abrasive mills and tables are satisfactory 


when the ventilation has been provided and used in accordance with the manu- 
facturer’s recommendations. In the case of sandblast cabinets this is not neces- 
sarily true. Much difficulty has been experienced with these cabinets owing to 
the lack of maintenance, inadequate exhaust, and poor design which allows flying 
particles to get into the exhaust system, and these conditions result in rapid 
breakdown of the exhaust equipment. The most practical solution is the use of 


Fig. 12.—Ventilation and sound treatment for sand- 
blast cabinet. 


1 Cabinet exhaust: 20 oir changes per minute, but not less than 500 cin 
per sq ft. of all operoting openings. Seif - sealing open- 
ings are desiroble fo minimize blow - out. 

2. Slot velocity (under bottle): 500 -1000 fpm 

3. Plenum velocity: 500 fpm maz. 

4. Duct velocity: 3500 fpm min. 


NOISE 
Treot enclosure with sound deodening mastic. 
2 Provide flexible connection in exhaust ductwork. 
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a large take-off at the rear of the cabinet, as shown in Figure 12. The vertical 
baffle prevents the majority of large particles from entering into the trap, while 
those that do get in are allowed to settle and return to the sand hopper, leaving 
only the fines to be carried off into the exhaust system. Minimum exhaust 
requirements call for a 500 f. p.m. indraft velocity at all operative openings. 
Additional design data are given in Drawing VS-1, Abrasive Blasting.’ 
Grinding and Polishing—The investment casting is usually ground and pol- 
ished with small bench-mounted grinders and abrasive belts. Silica dust has 
not been a problem in the grinding department, and attention has been focused 
on the metallic dusts. It is not desirable from the standpoint of housekeeping, 
equipment maintenance, and casting quality to have uncontrolled dust in this area. 
Hoods for the various grinders and belts are designed in a manner similar 
to the larger foundry equipment shown in Drawings VS 7, 11, and 15, Buffing 


and Polishing, Grinders and Cut-off Wheel, and Polishing Belt... Wherever 


possible, the natural trajectory of the particulates should be considered, and the 
hood should be located to confine as much of this as possible. Depending on 
individual requirements, the hood may be of minimum size enclosing the belt 


or wheel or it may be large enough so that a considerable part of the machine 
is enclosed and the workers’ hands are inside the face opening. Design volumes 
should provide a minimum of 500 f. p. m. velocity at the point where the grinding 
wheel meets the casting. Another satisfactory method (Fig. 13) is use of 
ventilated benches. 


Dilution Ventilation 


In most cases the control of the ethyl silicate-ethyl alcohol solvent mix can be 
obtained through local exhaust ventilation. However, after the molds have been 
invested and placed on vibrating tables, there is a considerable release of the 
solvent vapor into the air. It is not always possible to provide exhaust hoods 
at this point, and dilution ventilation must be considered. 

For proper design it is necessary to calculate the amount of air required 
to reduce the solvent vapor concentration to a level below the maximum allow- 


SOUND TREATMENT FOR GRINDING ROOM 


Fig. 13.—Ventilation and sound 
treatment for grinding bench. 


Exhoust « 250 cfm per ft. of bench top. 
2 Planum velocity = slot velocity mar. 

3 Duct velocity «3500 fpm min. 

4 Entry loss «178 slot VP plus .25 duct VP. 
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able concentration (MAC). The following is a typical calculation to provide 
dilution volumes for ethyl alcohol and ethyl silicate vapors. 
Ethyl Alcohol : 
MAC=1000 ppm 
Specific gravity (S. G.)—0.789 
Molecular weight—46.07 
K-==constant which varies from 3 to 10 depending on toxicity of material and dilution of 
air flow obtained 
Pints per hour or pints per minute=actual amount of solvent vaporized in process; to 
be determined at plant 


Cubic feet of dilution 


. . 403 x S. G. & 10° x 
air per pint evaporated= 


Mol. wt. x MAC XK 


403 0.789 x 10° 
46.07 X 1000 K 


=6900 K 
Ethyl Silicate (tetraethyl orthosilicate, proprietary) : 
MAC=100 ppm 
Specific gravity (S. G.) 0.9356 
Molecular weight—=208.30 
K=constant 
Cubic feet of dilution 


403 x S. G. x 10° 
air per pint evaporated: 


Mol. wt. x MAC XK 


403 X 0.9356 x 10° . 
208.3 100 XK 


=18 090K 

Owing to the present lack of knowledge about the combined effects of toxic 
materials, it is necessary to combine the ventilation rates for both ethyl alcohol 
and ethyl silicate to arrive at the necessary dilution volume. In this case the 
proper dilution volume will be KX24,990 cu. ft. of air per pint of material 
evaporated. To complete the calculation, assume that the solvent evaporation rate 
is 1 gal. per hour, that the vapors are made up of equal parts of ethyl alcohol 
and ethyl silicate, and that K=5. 

5 x 24,990 ft. of air 8 pt. 


Hr. 
) 
Pt. 


60 min, 

O=16,660 c. f. m. 

Under these conditions the minimum dilution rate will be 16,660 c. f. m. 

In addition to arriving at the necessary dilution volume, the air flow in the 
room and the location of exhaust and supply points must also be considered. 

A common error is to assume that, since the vapor density of a solvent is 
heavier than air, the solvent vapor will fall to the floor, and the exhaust points 
should be located on the floor. Unfortunately this assumption does not recognize 
that normal air motion and human occupancy in manufacturing areas will cause 
a rapid mixing of the solvent vapor with air, and the resulting density of the 
mixture will be essentially the same as that of air itself (storage rooms, stair 


wells, pits, and other areas of little or no air movement require additional 
design consideration). 

The specific gravity, with reference to air, of ethyl silicate vapor is 7.2, and 
that of ethyl alcohol is 1.6; assuming that all the vapors released are ethyl silicate 
and that the vapor air concentration would be as high as 1%, which corresponds 
to 100 times the MAC of ethyl silicate, the specific gravity of the mixture can 
be calculated. 


0.99 parts of air @ 1 = 0.990 


0.01 parts of ethyl silicate @ 72=-707%. =specific gravity of mixture 
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The specific gravity of the mixture is only 6% heavier than air alone, instead 
of 700% as usually stated. In a similar fashion, the calculated specific gravity 
of a mixture of air and solvent vapor equal to the MAC (100 ppm; 0.01%) 
is equal to 1.00062. Obviously the solvent mixture will have a density so close 
to that of air alone that the difference is insignificant when applying general 
ventilation. Therefore, the location of exhaust points and air-supply systems 
should be dictated by considerations other than the specific gravity of the ma- 
terial. The calculations above assume that the only vapor release is that of ethyl 
silicate. In actual practice ethyl alcohol vapors will also be present, and the 
effective specific gravity of the mixture will be even closer to that of air. 


Supply-Air Systems 


In order to insure that exhaust ventilation will operate at the designed vol- 
umes and static pressures, to relieve the workroom of uncontrolled cross draft 
and temperatures and to insure the proper operation of heating equipment, it is 
necessary to provide for the introduction of outside air into the plant. Air may 
be supplied in a volume equal to that removed by the exhaust systems or may 
be tailored to provide either more air or less air to suit the needs of the plant 
or individual departments. The flow of supplied air should always be from a 
relatively clean region of the plant toward the contaminated areas, thus preventing 
contamination of the entire building. 

There are definite trends toward providing year-round climate control (air 
conditioning) for industry, and the time is rapidly approaching when the de- 
mands of quality will cause a more precise control of the working environment. 
Two of the plants studied have already provided a localized form of air condi- 
tioning, and one of the plants has found it necessary to add humidity during 
the winter. Year-round air conditioning may still be in the future for the in- 
vestment casting plants. It is entirely possible and practical, however, to accom- 


plish climate control with reasonable expense and a great deal of success through 
the proper design of the supply-air systems. Outside air properly con- 
trolled and distributed can be a source of comfort for workers engaged in 
hot operations and can also provide controlled conditions throughout the entire 
plant. 


Physical Conditions—Noise 


Noise levels were taken to determine the intensity of sound produced at the 
various operations to predict their influence on the hearing of employees engaged 
in this industry. 

The sound-level readings obtained were taken with the General Radio Sound 
Level Meter, Type 759, and the General Radio Octave Band Analyzer, Type 
1550-A, using a dynamic microphone and a 25 ft. extension cable. The instru- 
ments were calibrated with an H. Scott Random Noise Generator and a micro- 
phone calibrator. The readings were taken at the ear level. The damage-risk 
criteria, as presented, were taken from material by Beranek.® 

Findings.—The data obtained indicate that three major noise-problem areas 
exist in investment-casting plants, namely, the knock-out, grinding, and sprue- 
and-gate-cut-off areas. The knock-out operations produce an intense noise field 
(Fig. 14), but only a few persons were exposed to these levels on a continual 
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TWO KNOCKOUT OPERATION NOISE FIELDS 


|_— Serius dome, 


— 


Fig. 14—Sound levels produced at 
knock-out operations. 
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TYPICAL NOISE FIELOS IN GRINDING ROOM 
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Fig. 15.—Sound levels produced at 
grinding operations. 
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basis. A rather large number of workers were exposed to the high noise levels 
produced in the grinding operations (Fig. 15), and the operations are nearly 
continual during an eight-hour shift. The sprue-and-gate-cut-off operations using 
resin wheels produce noise levels of approximately the same intensity as the 
grinding operations. 

The sound levels determined in these areas indicate that a serious damage 
risk exists to the employees, exposed over long periods of time and that a number 
of persons will suffer permanent hearing loss. Approximately 180, or one-third 
of the workers, are exposed on these operations. 

The sandblast operations produce moderately high noise levels and may be a 
problem in the plants where a number of the units are placed side by side. The 
noise levels in the melting furnace rooms and the injection-molding areas indicate 


no serious noise problem. Results in other areas reveal sound levels generally 
below 85 db. 
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The results of this study indicate the need for consideration of noise in the 
design and selection of equipment and in the construction and lay-out of new 
plants and the need for modification of existing plants to reduce the noise ex- 
posure. A number of general recommendations are included herein: 

1. Knock-out units should be provided with air mufflers and resilient mount- 

ings, and the enclosures should be treated with sound-deadening mastics 
(Fig. 10). 

Personal protection in the form of earplugs or ear muffs should be pro- 
vided for knock-out operators. 

The use of electric hand-grinding tools or pneumatic tools with mufflers is 
indicated to reduce the noise source in the grinding room. 

The grinding-room construction should include booth arrangements for 
individual grinding stations, with sound treatment provided in the booth 
construction and on the ceiling and walls of the room to reduce over-all 
noise intensities (Fig. 13). 


Physical Conditions—Vibration 

A subject of particular interest to the investment-casting industry is the prob- 
lem of portable vibrating tools and their relation to the possible clinical effects 
which they produce. 

The studies conducted within the plants did not reveal the presence of clinical 
symptoms. It is likely that any disabilities, if they exist among the workers, 
are of minor nature and are such that they have not interfered with the em- 
ployees’ work function. 

The disabilities that may be produced appear to be in relation to the amplitude 
of the vibration transmitted to the hands and to the duration of the exposure. 
The use of permanently mounted tools and hand-held castings will reduce the 
vibration amplitude and the exposure duration time. Where practical, the use of 
heavy gloves is indicated to aid in absorbing the shock and protecting the hands 
from cuts and burns. 


Summary 


The engineering phase of the investment casting investigation included an 
evaluation of the environmental factors of dust, gases, and solvents and the 
physical conditions of noise and ventilation and was extended over a period of time 
to include both summer and winter conditions. The investigation was carried out 
in five Michigan investment casting establishments, and the number of employees 
per establishment ranged from 22 to 452. 

Two types of high-temperature investment were encountered. One consisted of 
a mixture of fire-clay grog, silica sand, and silica flour, and the other consisted 
of silica sand and silica flour. The former utilized a binder of ethyl silicate and 
ethyl alcohol, and the latter, phosphate compounds. 

It was found that 75% or more of the air-borne dust was 3.5, or less in size. 
The amount of free silica in the air-borne dust varied with the operation. The 
free silica content of the total sample ranged from 43% to 87%, and for the 
fraction less than 5y in size it was 25% to 63%. Settled dust revealed a free 
silica content ranging from 34% to 64%. 
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Eighty per cent of all silica dust samples were greater than 4,900,000 particles 
per cubic foot of air. 

Ethyl alcohol vapor concentrations in the investing area ranged from 500 to 
5000 ppm, and trichloroethylene vapor in the -pattern area ranged from 25 to 
more than 425 ppm (limits of instrument). 

The data obtained indicate that a major noise problem exists at the knock-out, 
grinding, and sprue-and-gate-cut-off operations. 

A series of charts and drawings are presented to show .how specific dust, 
solvent-vapor, and noise problems may be controlled. 

Calculations and data are given to illustrate dilution-ventilation techniques. 

Michigan Department of Health (2). 
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Announcements 


TWO FEDERAL AGENCIES ANNOUNCE INCREASED STIPENDS FOR FELLOWSHIPS 


Increased stipends will be given in fellowships for scientific research or study awarded 
by two Federal agencies, the National Science Foundation and the Public Health Service 
of the Department of Health, Education, and Welfare 

The increased stipends will be made available to all Fellows appointed after Jan. 1, 1957, 
according to Dr. Allan T. Waterman. Director of the National Science Foundation, and Dr 
Leroy E. Burney, Surgeon General of the Public Health Service. 

National Science Foundation fellowships are awarded in all fields of science, while Public 
Health Service research fellowships are awarded in medical and allied sciences 

The stipends from both agencies at the predoctoral level will be increased by $200. This 
will raise the stipend to $1,600 for the first year, $1,800 for the intermediate year, and $2,000 
for the terminal year. Allowances, which include tuition, certain travel expenses, and $350 for 
each dependent, will remain unchanged. 

The new stipends from both agencies at the postdoctoral level will be $3,800 for the first 
year, $4,200 for the second year, and $4,600 for the third year. This represents increases of 
$400, $500, ant $600, respectively. Postdoctoral allowances of $350 for «ach dependent, 
certain travel expenses, and up to $500 for research supplies, will remain unchanged. 

Simu!taneously, Dr. Burney announced that an increase in the stipend for Public Healti: 
Service regular traineeships will be effective beginning Jan. 1, 1957. These are awards made 
directly to candidates by an Institute of the National Institutes of Health for training in an 
institution of the candidate’s choice. 

These stipends are for advanced clinical research training in schools of the health sciences. 
The new stipends for Public Health Service regular traineeships will be $3,800 for the first 


year, $4,200 for the second year, and $4,600 for the third year. These represent 
over the present traineeship stipends of $400, $500, and $600, respectively. Allowances, which 
include $350 for each dependent and certain travel expenses, will remain unchanged. 


increases 


Special traineeship stipends are also awarded by certain of the Institutes of Health con- 
cerned with heart disease, neurological diseases, blindness, arthritis, and metabolic diseases to 
senior candidates for specialized training in clinical research and in clinical teaching in these 
fields. 


Books 


Urology and Industry. By Leonard Paul Wershub, M.D. Price, $5.00. Pp. 151. Charles 
C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1956. 
This book covers a small but extremely important branch of industrial medicine. The 
field of industrial urologic problems is covered rather comprehensively by the somewhat 
unique method of presenting 100 case histories with a complete discussion and opinion con- 


cerning each case. This method serves to make the subject more interesting to the reader and 
highly practical. 


The first 22 pages of the book are devoted to a discussion of the history of industrial 
medicine and to the problems of causal relationship and compensation aspects. The former 
has been done better elsewhere; the latter, however, presents the tone of the entire work and 
is developed well. The medical evaluation of causal relationship in questions of injury is 
presented thoughtfully and should prove extremely useful. The criteria for the establishment 
of a diagnosis for occupational cancer are excellent in the present state of our knowledge. 
It is unfortunate that the author could not have done as well with problems of “toxic 
poisoning.” 

Since so many industrial chemicals have been suspected of producing kidney damage, it 
is surprising that only two case histories of (suspected but not proved) chemical poisoning 
involving the kidney are included in the section entitled “Toxic Poisoning of the Kidney.” 
In this same section is included a questionable case of carbon monoxide intoxication without 
reference to kidney damage. Not only is this case out of place here, but the author’s reasons 
for questioning the diagnosis are somewhat naive. No mention is made of -naphthylamine 
under bladder tumors, but the old generalization about the “aniline dye tumor” is repeated. 


In general, however, where problems of relationships between trauma and genitourinary 
tract injury are concerned, the book is useful and informative. This volume will be useful 
to those with a discriminating background in industrial medicine. 


FRANK Princt, M.D. 
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COMPARATIVE DUST SIZING 
YIELDS UNEXPECTED RESULTS 


“Things are seldom what they seem” is as 
true now as it was when William S. Gilbert 
wrote it many years ago. This applies par- 
ticularly to the following article, which shows 
how the higher resolving power of the electron 
microscope altered a conclusion reached through 
observations made with less powerful optical 
instruments. 


Use of the electron microscope in study- 
ing dust during a resurvey of the granite 
industry in Vermont resulted in the reso- 
lution of a question of particle size which 
had been puzzling investigators for some 
time. 

The resurvey was undertaken by the Oc- 
cupational Health Program, U. S. Depart- 
ment of Health, Education, and Welfare, 
and the Industrial Hygiene Division, Ver- 
mont Department of Health. 

Comparative observations using the opti- 
cal microscope and the electron microscope 
disclosed that tiny particles that the optical 
observers believed to be extremely fine 
granite dust were apparently particles of a 
fume-like substance intermixed with granite 
dust. The high resolution of the electron 
microscope was able to differentiate the 
granite particles from the fume-like sub- 
stance, and although the exact composition 
of the fume is not known, it obviously is 
not a mineral dust but a general atmospheric 
pollutant. 

The problem of the “extremely fine dust” 
was presented to investigators during rou- 
tine dust-concentration evaluations. In these 


evaluations it was noted that there was an 
unusually high dark-field to light-field ratio 
in the particles counted. 

As the dark-field method can render vis- 
ible particles that are much smaller than 
those visible in the light field, investigators 
reasoned that new production instruments, 
wire saws, surface and contour grinders, 
diamond saws, and other methods of wet 
cutting by abrasive action, were generating 
the “fine’’ dust—much finer than that gen- 
erated by older types of percussive pneu- 
tools. A dark 
particles seen through the optical microscope 


matic large number of 
were believed to be silicon carbide, known 
to be used in the granite sheds. 

The primary method of measurement of 
dust from air samples in the Vermont 
granite sheds is to examine the dust under 
an oil immersion objective (X 97). Some 
samples were to be sized by the electron 
microscope as a check. The samples for 
sizing were collected on Millipore filters, 
which permit oil immersion viewing with 
a portion of the filter while another portion 
of the same filter can be prepared for elec- 
tron microscopy. 

The Porten graticule was used with oil 
immersion for optical sizing. Samples taken 
in the resurvey of the Vermont granite 
sheds revealed a large number of particles 
that appeared as small, black, poorly re- 
solved specks, about the size of the smaliest 
comparison circle in the graticule. This 
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smallest circle has a calibrated diameter of 
0.48. 

When the results were tabulated, it was 
found that mary of the samples had more 
than a majority of particles in the smallest 
size range, so that median size had to be 
estimated by extrapolation. 

Investigators, using only the optical equip- 
ment, were seeing the fume-like substance 
and were sizing it as granite, since up to 
this time the samples had not been studied 
with the electron microscope. For 27 sam- 
ples which were sized optically, the median 
particle determined 
ranged from 0.2/p to 1.5/p. 


size, as graphically, 
The average 
of the 27 median values was 0.5/p. 

Size determination done in earlier studies, 
using oil immersion and the filar micro- 
meter, had indicated a median particle size 
of approximately 1.5/,. 

The samples that were prepared and pho- 
tographed under the electron microscope 
show clearly (Fig. 1) the two distinct types 
of material that had appeared under the 
optical microscope to confuse the sizing. 
Part of the material is typical mineral dust, 
in this case assumed to be granite, 


But the second material, having the ap- 


pearance of a metal fume, is composed of 
many extremely small spherical particles 
agglomerated in irregular chains and groups 
of varying lengths. 
The belief that this second material was 
a general atmospheric pollutant was con- 
Fig. 1—Electron micrograph of an air sample 


taken in a Vermont granite shed shows a mixture 
of granite dust and an unidentified fume. 
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Fig. 2—An air sample taken at the same time 
in Vermont at some distance from the granite sheds 
shows only the fume. 


firmed when air samples were taken outside 
of the granite sheds and were examined by 
The 


graphs revealed the presence of this fume- 


electron microscopy. electron micro 
like substance (Fig. 2) in the absence of 
granite dust. The substance is believed to 
be carbonaceous smoke particles from rail- 
roads and local heating systems. 

Electron micrographs of samples taken in 
the granite sheds at other times show no 
such fume to be present (Fig. 3). 

When the electron micrographs are re- 
examined and the fume-like particles are 
ignored, particle size distributions show 
median particle diameters of 0.9/p to 1.2/p, 
with standard geometric deviations of 2.0 


to 2.3. These compare favorably with size 


Fig. 3—An air sample taken which shows only 
granite dust. In each micrograph the grid is 1.0u. 
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determinations generally found in industrial 
dusts. 

The optical size determinations have been 


discarded, since they obviously are not rep- 


resentative of the dust with 

granite industry is concerned. 
H. E. Ayer and D. A. FRaser 
Occupational Health Field Headquarters 
Cincinnati 
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THE AMERICAN UNION OF 
OCCUPATIONAL MEDICINE 


Its Formation and Objectives 


The 


Medicine 


American Union of Occupational 
1948 as a 


private organization, concerned exclusively 


was established in 
with training, scientific research, and the ad- 
vancement of occupational health in the 
Western Hemisphere. Its aim, according to 
its Articles of Formation, is study of the 
“hygiene, security and welfare of workers 
to bring about increased production and the 
highest spiritual and material standards of 
life for them.” At the same time, the Union 
hopes to accomplish the spread of ideas and 
knowledge throughout the Americas by in- 
terchange of ideas, students, and materials. 

Recognized by the International Commis- 
sion on Occupational Medicine at Geneva, 
Switzerland, the American Union already 
has chapters in 16 nations of North, Central, 
and South America. In those countries that 
do not have organized chapters, the Ameri- 
can Union works with occupational health 
physicians on an individual basis. 

To promote its activities, the American 
Union supports Inter-American Congresses 
on Occupational Medicine, distributes in- 
formation and publications, awards scholar- 
ships for study in the United States and in 
Europe, and supports a library of literature 
dealing with the many phases of occupa- 
tional health. Headquarters of the American 
Union are at 981 Arenales Street, 
Aires, Argentina. 

One of the first aims of the American 
Union was publication of a periodical deal- 


Juenos 


ing with occupational medicine. Since this 
is not financially possible, the official publi- 
cation of the American Union is Medicina 
del Deporte y del Trabajo, or “Medicine of 
Work and Sports,” official journal of the 
Argentine Society of Occupational Medicine, 
founded in 1934. “Medicine of Work and 
Sports” sections in Spanish, 
Portuguese, and English in order to reach 
the broadest possible audience. 


contains 


The American Union also has organized 
a campaign to publicize both occupational 
medicine and the need for industrial hygiene. 
During this continuing campaign the Ameri- 
can Union sponsored poster and pamphlet 
contests, established a number of prizes to 
stimulate investigation and research projects, 
and awarded student scholarships in occu- 
pational medicine. 

Many of the important publications in the 
field of occupational medicine and indus- 
trial hygiene have been translated into 
Spanish under the auspices of the American 
Union so that physicians in South and Cen- 
tral American countries can read the work 
of their colleagues. 

Since its organization the American Union 
has sponsored three Inter-American Con- 
gresses, in Buenos Aires in 1949, in Rio de 
Janeiro, Brazil in 1952, and in Caracas, 
Venezuela, in 1955. Specialists from all 
American nations and from Europe have 
attended their Congresses. In addition to 
the Congresses, the American Union has 
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organized more than 200 meetings in mem- 
ber countries for medical, industrial, work- 
er, and other lay and professional groups. 
In 1955, with the aid of the Venezuelan 
Society for Occupational Medicine and the 
Venezuelan Ministry of Labor, the Ameri- 
can Union sponsored a two-month graduate 
course at Caracas. Seventy physicians and 
engineers completed the training. Another 
graduate course covering recent advances 
in occupational medicine will be held in 
July, 1957, in Caracas. 

The American Union is organizing the 
fourth Inter-American Congress on Occu- 
pational Medicine, to be held in Mexico at 
the end of 1957. 

The American Union also has been instru- 
mental in bringing occupational health 
specialists from Europe and the United 
States to a number of South and Central 
American cities to observe practices there 
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and to give advice to industrial leaders, 
hygienists, and physicians. 

For a number of years the American 
Union has been seeking the active support 
and cooperation of professional groups in 
the United States, such as the 
Medical and the American 
Medical It is hoped that the 
Fifth Inter-American Congress, set for 
1959, can be held in the United States. The 
United States is represented on the Ameri- 
can Union of Occupational Medicine 
governing body by O. T. Mallery Jr., M.D., 
of the University of Michigan School of 
Public Health, and Norton Nelson, Ph. D., 
Director of the New York University In- 
stitute of Industrial Medicine. 


Industrial 
Association 
Association. 


Dr. Jose Pepro Rect, 

Director General 

American Union of Occupational Medicine 
Buenos Aires, Argentina 


Dust Exposure in the Brick and Tile Industries 


of Tennessee 


Over a four-year period engineers of the 
Industrial Hygiene Service, Tennessee De- 
partment of Public Health, have been con- 
ducting a series of studies of brick and tile 
plants, seeking to evaluate dust exposures in 
terms of danger to workers. The study in- 
cludes the determination of dust levels as 
well as the amount of free silica at some 
operations. Other operations, where a 
minimal amount of dust was produced, were 
not studied. 

The plants varied in size from 18 to 240 
employees, with a total of 1178 persons in 
all of the plants surveyed. 

Settled dust samples taken from different 
workroom areas varied from 10% to 48% 
free The undesirability of using 
settled dust samples to assess free silica is 
recognized, but, considering the source of 
material, the manner of dust generation, and 
the per cent of free silica found in the 


silica, 
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settled dust, it is believed justifiable to use 
the standard 20,000,000 particles per cubic 
foot of air for dust containing from 5% to 
50% free silica as a maximum allowable 
concentration (MAC) in the plants studied. 
At the same time, it must be borne in mind 
that the per cent of free silica in respirable 
dust is often lower than that found in the 
settled dust. 

In areas where the drying and screening 
of sand was carried out, an MAC of 5,000,- 
000 particles per cubic foot was considered 
applicable. 

Plants had to be considered individually, 
rather than as a group, because, while some 
plants were relatively dust-free in many op- 
erations, the dust concentration in others 
was so high that an average of dust con- 
centrations which included all plants would 
place them all above the 20,000,000 particles 
per cubic foot of air MAC. 


OCCUPATIONAL HEALTH NEWS 


In the making of brick, the raw materials 
are ground and screened, then are mixed 
with water in a pug or mud mill to the 
proper consistency for molding by an ex- 
trusion Grinding and screening 
operations produce the most dust, especially 
when dried, scrap, unfired brick is reground. 
Grinding operations were analyzed at nine 
plants, and in five of them dust concentra- 
tion was above the MAC. In some cases, 
in both grinding and screening operations 
dust concentrations were seven to eight 


process. 


times the allowable limits. 

The pug mills did not produce dust; in 
fact, if they operated in isolation they would 
be relatively dust-free. But they frequently 
were situated so near the screening or 
grinding operations that dust in the pug- 
mill area exceeded the MAC in 4 of the 10 
brick plants surveyed. 

Only two plants had clean-up men spe 
cifically assigned. However, the men doing 
the cleaning worked in dust concentrations 
considerably above the MAC. It must be 
added that housekeeping in these two plants 
was superior to that found in others which 
had no clean-up program. 

Individual plants varied broadly in dust 
concentrations. In grinding, for example, 
the average of all plants studied was 160,- 
000,000 particles per cubic foot of air; yet 
three plants kept the dust at their grinding 
operations between 7,000,000 and 12,000,- 
000 particles per cubic foot, well below the 
MAC, whereas average dust levels at four 
other plants ranged from 102,000,000 to 
451,000,000 particles per cubic foot. 


Average for 
All Plants 
Operation Studied* 
Raw material handling 
Grinding 
Screening 
Pug mill operation 
Extrusion and cutting 
Kiln operations 
Clean-up 
Hand molding 
Sand dryingt 


No. of Plants 
Below MAC 


*Range in million particles per cubic foot of air. 


The Table shows average dust concen- 
tration for all plants, the number and range 
for those maintaining concentration below 
the MAC, and the number and range for 
those with concentrations above the MAC. 

In addition to the dust concentrations, 
three other factors must be considered in 
making a health-risk study: the number of 
persons involved; the duration of exposure, 
and the use of protective devices or equip- 
ment. 

Not more than 5% of the workers in the 
plants studied were involved in the dusty 
grinding screening operations. The 
greater proportion of workers handle the 
product after extrusion and, with few ex- 
ceptions, these are relatively dust-free op- 
erations. 


and 


The duration of exposure for any person 
is generally limited by the duration of the 
dusty operation or by the time that a worker 
must tend a machine or watch an operation. 
Screening operations in the larger plants 
seldom require continuous watching, but the 
machinery is in operation during most of 
each shift. Some grinding operations re- 
quire little attention or may be remotely 
controlled, while 
watching. 


others need continuous 

In smaller plants, one or two workers may 
handle raw materials, operate grinders, and 
tend screens. Under this schedule, most of 
the time is spent in the clay shed, isolated 
from the dusty grinders and screens. Pug 
mills must be attended continuously, and 
the mills operate throughout the shift. As 
has been noted, pug-mill operation is not 


Dust Exposure in Tennessee Brick and Tile Industries 


Range* No. of Plants 


Above MAC 


+MAC in this operation is 5,000,000 particles per cubic foot of air. In all others, the MAC is 20,000,000 particles. 


Range* 
5 7-17 42-44 
4 7-12 162-451 
l 16 119-280 
6 6-18 27-146 
2-14 31-139 
5 2-10 136 
0 156-339 
147 
24-40 
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dusty but usually is in a dusty part of the 
plant. 

There are significantly high exposures in 
kiln preparation and setting, but they are of 
short duration. 

The most frequently used protection is 
the filter-type respirator, but it is seldom 


used properly. It was found that these 


Fig. 1—In this raw material grinding opera- 
tion, dust is not generated, because an adequate 
moisture level is maintained. 


Fig. 3.—Vibrating screens produce a great deal 
of dust unless a careful moisture balance is main- 
tained. However, with proper controls, screening 
can be almost dust-free as shown. 
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respirators were neglected if the worker 
did hot or strenuous work, if he had to 
wear the respirator continuously, if he had 
a beard, used snuff, chewed tobacco, or 
smoked. 

Where dust control is needed to eliminate 
air contamination which might lead to sili- 


cosis among workers in the brick and tile 


Fig. 2——Raw material grinding with the addi- 
tion of dried, unfired scrap brick produces this 
kind of dust. There are two more such machines 
behind the one in the foreground, but dust ob- 
scures them. 


Fig. 4.—If the material is dry, considerable dust 
is produced when it falls from a conveyor belt 
into an open-top storage bin. 
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Fig. 5.—Moisture must 
be carefully controlled at 
the pug mills to produce 
a mixture of the proper 
consistency. Unless dust 
is brought in from some 
adjacent operation, pug 
mill areas are relatively 
dust-free. 


industry, five methods, used together, are 
believed to be effective : 

1. Use of uniformly moistened raw ma- 
terials, with special attention to the use of 
dried scrap and control of the dust it causes. 

2. Enclosure and exhaust ventilation of 
processes when dust cannot be controlled 
by moisture. 

3. Isolation of dust-producing, uncontrol- 
lable processes and use of adequate respira- 


tory equipment by employees who must 
operate these processes. 
4. Modification of processes where pos- 
sible to lower the amount of dust produced. 
5. Good housekeeping practices for all 
processes. 
D. P. Roserts, 
Chief Engineer 
Industrial Hygiene Service 


Tennessee Department of Public Health 


Excitation Sources for Spectrographic Analysis 


With the limited funds available to many 
laboratories and the need to obtain as wide 
a variety of uses as possible from each 
piece of equipment, there are few instru- 
ments with as low a “cost per procedure” 
as the emission spectrograph. This is not 
to be construed as implying that a good 
emission spectrograph is an inexpensive 
piece of equipment, quite the contrary, but 
it proves so useful and productive that its 
“overhead” is lower than that of many less 
costly instruments. 

The emission spectrograph is used in 
solving many occupational health problems, 
since the concentration of toxic elements 
in biologic, atmospheric, and in other types 


of samples encountered in field and labora- 
tory investigations is generally optimal for 
spectrographic analysis. 

The 220-volt D. C.-are emission spectrograph 
in use at the Occupational Health Field Head- 
quarters. The motor-generator unit is under the 
counter at the left of the operator. 
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The spectrographic procedure is spe- 
cific, sensitive, and has a breadth of multiple 
determinations unapproached by most other 
analytic techniques. The emission spectro- 
graph makes possible the determination of 
some 70 metals or metalloids by “sorting 
out” the characteristic radiation produced 
by the atoms of these elements when excited 
by a suitable Materials readily 
analyzed by the emission spectrograph in- 
clude metals, alloys, ores, slags, petroleum 
products, environmental particulates, and 
biological tissues and fluids. Before these 
latter materials are analyzed, organic matter 


source. 


must be destroyed. 

There are four instrumental techniques 
for exciting the constituent elements of a 
substance to produce their characteristic 
spectra, for spectrographic analysis. These 
methods are the flame, the direct-current 
arc, the alternating-current arc, and the 
condensed spark. The equipment for the 
application of a specific excitation method, 
including its necessary accessories, is termed 
a source unit. 

The choice of a source unit for a given 
spectrographic determination is dependent 
upon the type and physical state of the 
sample and the element or elements sought. 
Each type of source has its own advantages 
and limitations which must be recognized 
in equipping a spectrographic laboratory. 
No single excitation method can meet all 
the needs of a spectrographer engaged in 
the analysis of the wide variety of materials 
provided by occupational health laboratory 
research and field investigations, 

Probably the most widely used source is 
the 220 volt direct-current arc, which has 
found general application in the qualitative 
and quantitative analysis of nonconducting 
solids. Although this source possesses the 
inherent disadvantages of erratic volatiliza- 
tion and excitation, it has for many years 
provided highly sensitive spectrochemical 
methods. For low cost and simplicity of 
equipment, it continues to find extensive 
usage. Its disadvantages in quantitative 
analysis can be minimized by the painstaking 
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development of the optimal conditions for 
any given determination. These include a 
judicious choice of a spectroscopic buffer to 
provide a uniform and controlled volatiliza- 
tion of the elements sought in the analysis, 
a suitable internal standard element to cor- 
rect for the spot burning and wandering 
characteristics of the source, and the proper 
exposure conditions, such as amperage, arc 
gap, burning period, and spectrographic slit 
width. 

In Occupational Health Field Headquar- 
ters, in Cincinnati, and other laboratories, 
where trace quantities of toxic elements in 
ashed biological tissue and fluid must be 
determined with a method error of less 
than 10%, extensive experimentation has 
been devoted to the development of reliable 
analytical methods. 

Using a direct-current are as the only 
source unit, we have extended the general 
sensitivity of this excitation technique by 
taking advantage of the excellent spectro- 
scopic buffer properties of lithium chloride. 
This salt, mixed in a 1 to 2.5 part by weight 
ratio with spectroscopically pure graphite, 
has been effective in the enhancement of 
trace-element spectra and in suppressing 
cyanogen-band spectra and general back- 
ground.** Moreover, it acts as a stabilizing 
influence on the arc, which burns quietly 
and steadily with a minimum of wandering 
when this buffer is present in the electrode 
charge. This stabilization promotes a uni- 
form rate of distillation of the elements into 
the arc stream with a resultant increase in 
the reproducibility of the spectral intensity 
data. With the aid of this buffer we have 
developed methods with analytic working 
ranges extending down to 0.ly arsenic,” 
0.005y cobalt,! mercury, vanadium, and 
0.002y lead. The analysis error of these 
methods is less than 10%. As a group, 
these procedures have been used to analyze 
with acceptable accuracy several thousand 
samples, many of which were found to con- 
tain submicrogram quantities of toxic ele- 
ments. Hence, from a performance view- 
point, these methods have been satisfactory. 
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This brief summary of the methods we 
have developed is presented to illustrate 
what has been accomplished to extend the 
usefulness of the D.C.-are excitation method 
in occupational health studies. The literature 
contains many reports of the similar achieve- 
ments of other investigators, notably Cholak, 
Hubbard, and their associates at the Ketter- 
ing Laboratory of Applied Physiology, Uni- 
versity of Cincinnati College of Medicine. 

Although 


using the D.C. arc have been rewarding, all 


our spectrographic activities 
spectrochemists recognize certain problems 
associated with this method of spectral ex- 
citation. The problems pertinent to our 
operations are as follows: 

1. Samples must usually be subjected to tripli- 
cate exposures to keep the error of a determina- 
tion within acceptable limits. 

2. Aliquot portions of sample solutions must be 
dried in the electrode craters prior to spectro- 
graphic exposure. 

3. With the exception of metallic rods used as 
self-electrodes, metals and alloys usually cannot 
be analyzed directly but must be converted to 
oxides or salts by a preliminary chemical treat- 
ment. 

4. The high energy required for the excitation 
of certain elements, such as sulfur, selenium, and 
the halogens, is not available with this source. 


I do not wish to convey the impression 
that the should be re- 
placed by a combination of other source 


direct-current arc 


units. For the analysis of refractory ma- 
terials (insoluble oxides, silicates, phos- 
phates, etc.), there is no satisfactory alter- 
native to this method of excitation.® 

For the reason just given and because 
of its high sensitivity, the D.C. are will con- 
tinue to be indispensable. But there is a 
need for additional source facilities in a 
general spectrographic laboratory to supple- 
ment the D.C. are. 

The air-acetylene flame, modern counter- 
part of the first excitation source used in 
the early days of spectroscopy, has been 
used advantageously by Cholak and Hub- 
bard? to obtain the simple spectra of 24 
elements. Samples in solution are sprayed 
as a mist at a controlled rate into the flame 
using an atomizer. Construction details of 


this atomizer are given in the reference 
cited. 

The advantage of this method is that it 
eliminates the complex spectra of the heavy 
metals so that a spectrograph of medium 
dispersion is adequate for analytic inter- 
pretation. Also, this source provides a con- 
venient method for the analysis of easily 
excited elements in the presence of those 
requiring higher excitation energies. 

For greater excitation energies than those 
imparted by the D.C. arc, the high-voltage 
condensed spark and high-voltage A.C. arc 
are available. Although, in the past, these 
have lacked the sensitivity provided by the 
D.C. arc, modern commercial instrumenta- 
tion coupled with special excitation tech- 
niques are overcoming this previous 
disadvantage. Significantly, the analytic 
precision with these sources is greater than 
that generally obtainable with the D.C. arc. 
Certain highly sensitive techniques, applica- 
ble to the direct analysis of salt solutions ** 
and lubricating oils,1° have been developed 
in recent years. For their application manu- 
facturers of excitation equipment now sup- 
ply the high-voltage condensed sparl:, the 
spark-ignited A.C. arc, the spark-ignited 
unidirectional arc, and the high-voltage A.C. 
arc, along with the D.C. arc, in any desired 
combination as a unit, to handle the specific 
needs of every spectrographic laboratory. 

Especially important is the wide range of 
discharge characteristics provided by the 
combination of these sources in a single unit. 
This flexibility provides the desired latitude 
in the selection of excitation conditions. For 
more complete information about modern 
source equipment, the reader should consult 
the spectroscopic equipment bulletins and 
some of the texts on this subject.*™ 

Rosert G. KEENAN 
Chief Spectrochemist 
Occupational Health Field Headquarters 
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Occupational Health and Coast Guard Buoy Repair 


The tasks involved in the maintenance 
and repair of Coast Guard ships, aircraft, 
motor vehicles, structures and aids to navi- 
gation present a wide variety of opportu- 
nity for employee exposure to occupational 
health hazards. Abrasive cleaning, paint 
spraying, welding, metalizing, weed killing, 
and degreasing are but a few of the opera- 
tions wherein such potential hazards exist. 
In the Coast Guard a substantial number 
of civilians are employed at industrial units 
on a full-time basis to perform such tasks. 
Industrial medical programs and safety pro- 
grams at units have varied considerably. 
Variations usually are related to the size 
of the unit and the industrial work load in- 
volved. Industrial hygiene surveys indi- 
cated generally that engineering control of 
working conditions and personal protective 
measures were sufficient to render industrial 
health hazards relatively insignificant, except 
possibly in the area of buoy maintenance 
and repair. This area seemed to warrant a 
closer scrutiny from an industrial medical 
viewpoint. 


Buoy Maintenance and Repair 


The aids to navigation responsibility of 
the Coast Guard involve the installation, 
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maintenance, repair, and surveillance of 
many kinds and sizes of buoys used in the 
coastal and inland waterways of the United 
States and its territories. The buoys are 
made of metal and painted to withstand 
corrosion from weather and waters in which 
they are located. They are removed for 
maintenance and repair periodically and re- 
placed by others in good condition. The old 
paint, rust, and sea growths are removed 
by abrasive blasting with such abrasives as 
sand, slag, and similar materials. To with- 
stand the ravages of weather, waves, salt 
water, and harbor pollution, several coatings 
of different kinds of paint, some of which 
contain red lead, are sprayed on the metal. 
Approximately 10,000 buoys are serviced 
in this fashion annually at 37 different 
Coast Guard bases and depots in the conti- 
nental United States, Alaska, Hawaii, and 
Puerto Rico. 

The work of buoy cleaning and painting 
is performed in the open air or under open- 
sided shelters in semitropical locations, 
while in colder climates it must be carried 
on in enclosed sheds to protect the workers 
against inclement weather. Since no stand- 
ard structure for such work has been 
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Fig. 1—In cold climates buoys must be main- 
tained and overhauled in shelters, adding to the 
problems of maintaining the health of the work- 
men. 


adopted, there is considerable variation in 
the ventilation of buildings used for this 
work in the colder climates. In other similar 
industries lack of properly ventilated en- 
closures and appropriate personal protective 
devices in similar work has led to the indus- 
trial ailments of silicosis and lead poisoning. 
Prevention of these ailments is accomplished 
by engineering control of working condi- 
tions, use of safer substitutes, personal pro- 
tective devices for workers, and periodic 
medical examinations. 

An effective safety program in the Coast 
Guard is maintained to reduce accident haz- 
ards, especially in industrial activities, by 
promoting safe practices and the use of pro- 
tective measures appropriate to the opera 
tion involved. Effectiveness of this program 


Fig. 2.—Respirators and protective clothing must 
be worn by maintenance personnel when painting 
buoys out of doors. (U. S. Coast Guard Official 
Photo 5CGD-021053-13.) 


Fig. 3—To make sure that preventive measures 
are effective, blood samples are obtained for lead 
determination. (U. S. Coast Guard Official Photo 
CGY -092856-2. ) 


is shown by the several safety awards 


granted to certain Coast Guard units by the 
National Safety Council. The work of buoy 
maintenance and repair received its share 


of attention in the safety program by rec- 
ommendations adapted from experience of 


similar industries. 


Health Hazard Exposures 


Sand blasting with silica sand produces 
such heavy concentrations of dust that sili- 
cosis is a potential health hazard, unless 
adequate protective devices are worn by the 
workers, or ventilating equipment removes 
the dust from the air. Similarly, sprayed 
red lead paint in enclosed areas is conducive 
to lead poisoning. All Coast Guard facilities 
performing these operations were aware to 
some degree of the industrial health hazards, 
but they were not always able to maintain 
The 


limited funds and large backload of other 


the desirable working environment. 


construction needs of high priority restricted 
desired and installation of 


properly ventilated facilities for this activity. 


construction 
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in the 
maintenance and use of personal protective 
devices by the workers, which appeared to 
be due orincipally to the desire for personal 
comfort while working and a lack of appre- 
ciation of the health hazards involved in the 
work performed. 


Some variations were noted also 


Preliminary Medical Examinations 


3y late 1952 a few buoy repair units 
adjacent to U. S. Navy establishments with 
industrial medical programs had obtained 
from them medical examinations and chest 
x-rays of sand-blasting employees. Learn- 
ing of this, one Coast Guard facility, not so 
conveniently located near Service hospitals, 
requested authorization from Headquarters 
to obtain such examinations at a nearby 
private hospital. This request prompted an 
exploration of the legal authority to use 
Coast Guard funds for such examinations 
and consideration of the type and scope of 
examinations to be performed and the in- 
dustrial area to be covered. While medical 
and hospital services for all illnesses are 
authorized for Coast Guard military per- 
sonnel at Public Health Service facilities, 
this broad service does not extend to civilian 
employees. Civilian employees’ medical care 
is limited to the care of injuries incurred in 
the performance of duty and disease proxi- 
mately associated with employment under 
the Federal Employees Compensation Act, 
as amended. 

A study of existing statutes and laws re- 
sulted in the determination that medical 
examinations for civilian employees in haz- 
ardous occupations could be arranged and 
necessary expenses paid for by funds ap- 
propriated to the Coast Guard. The problem 
of health hazards to employees engaged in 
buoy maintenance and repair, being peculiar 
te Coast Guard activities and not having 
been previously studied, made it advisable 
to undertake a preliminary study on a 
service-wide basis to properly evaluate the 
need for a subsequent preventive medical 
program in this activity. One of the very 
real considerations leading to such a deter- 
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mination was the great difference in work 
time, varying from as little as 10% to 
100% for different workers engaged in 
either sand blasting or paint spraying. Even 
though it was believed that part-time work- 
ers with reasonable personal protection were 
not unduly endangered, no experience or 
expressions of professional opinion could be 
obtained to that effect. Thus, the study was 
established to include any employee engaged 
to any degree in these two occupations. 
The 
Health Service specialists from the Occupa- 


advice and assistance of Public 
tional Heaith Field Headquarters at Cincin- 
nati were obtained. The cooperation of the 
Division of Hospitals, Public Health Serv- 
ice, was solicited for making physical ex- 
aminations and x-rays at a nominal cost to 
the Coast Guard. 

Civilian Personnel Memorandum No. 
17-54 on “Medical Examinations of Em- 
ployees in Certain Industrial Occupations” 
implemented the study in the Coast Guard. 
This directive provided that workmen would 
voluntarily present themselves to the nearest 
Public Health Service facility with authori- 
zation by their commanding officer for the 
Although the participation 
was voluntary on the part of the workmen, 
the commanding officers were urged to en- 
courage such participation with explana- 
tions of its and the 
workmen. Travel from place of employ- 
ment to examining facility was paid by the 
Coast Guard. Workmen were furnished 
previously prepared occupational histories 
and current status of employment to be 
delivered to the examining facility. Ar- 
rangements for the examinations were made 
by the Division of Hospitals, Public Health 
Service, with a supporting directive to ex- 
amining facilities in the form of Circular 
Memorandum No. 55-25 which was entitled 
“Medical Examinations of Coast Guard 
Civilian Employees Engaged in Hazardous 
Occupations.” Examining facilities were 
advised to take duplicate large chest x-rays 
of sand blasters and obtain blood samples 
in lead-free containers for paint sprayers. 


examination. 


purpose value to 
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Examining facilities were to forward to 
Occupational Health Field Headquarters a 
copy of the occupational history, a copy of 
the x-ray and blood sample of each em- 
ployee for a central file of histories, x-rays 
and laboratory determinations of lead in 
blood samples. Results of the lead deter- 
minations, with copies to Headquarters, 
were returned to the examining facility, 
which then prepared a medical report on 
the employee for the commanding officer 
of the employee’s unit with appropriate rec- 
ommendations when indicated. Any clinical 
cases of silicosis or lead poisoning were to 
be reassigned immediately from work in the 
occupation involved, and a report sent at 
once to the Commandant. 


Results of Study 


The accompanying tabulation shows the 
results of 300 laboratory determinations of 
lead in blood made during 1954 and 1955. 


Lead Concentration, 


Mg/100 Gm. of Whole Blood 
0.01 


Total 


It will be noted in the tabulation that among 
the 300 blood lead determinations there was 
only one instance in which the normal range 
of lead concentration in blood was slightly 
in excess of normal. This was not a clinical 
case. 

Chest x-rays were taken as directed in 
Civilian Personnel Memorandum No. 17-54. 
No report was received indicating lung 
changes due to the inhalation of dust by 
employees engaged in sand blasting. Dam- 
age to lung tissues caused by inhalation of 
air containing finely dissolved particles of 
silica, if in small amounts, is a slowly pro- 
gressive process. Early changes in the lung 
are reflected mainly in the formation of 
fibrous tissue, which results in a limitation of 


Fig. 4—Clean, wearing a fresh coat of paint, 
and with its batteries charged, a 12,000 Ib. lighted 
radio beacon buoy is being set into position in a 
vital shipping channel. (U. S. Coast Guard Official 


Photo 31755-5.) 


breathing capacity. Shortness of breath may 
be the first symptom noted by the employee. 
Avoidance of further exposure to silica dust 
will generally arrest the progress of the 
disease. Our survey would indicate that the 
use of protective devices and ventilation of 
work areas have been adequate and effective. 
During the course of the study, it was 
observed on several visits to industrial ac- 
tivities that interest and attention to health 
hazards, not only in sand blasting and paint 
spraying but in other hazardous industrial 
operations, increased among both supervis- 
ors and workmen. Not only was there 
greater concern among supervisory person- 
nel about safer practices and better ventila- 
tion, but increased willingness among the 
workers was noted in utilizing available pro- 
tective devices furnished for specific opera- 
tions. 
this Office of 
Engineering initiated a questionnaire survey 


During period, the 
of buoy maintenance and repair activities 
with a view to the development of standard 
facilities and uniform practices. Several of 
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the industrial facilities that were involved 
shifted from the use of silica sand as an 
abrasive to other abrasives that were known 
to contain no free silica. Due to the unavail- 
ability of such substitute abrasives or higher 
costs in certain localities, the use of non- 
silica abrasives is not likely to become 
service-wide. The development of standards 
for sand blasting, paint spraying facilities, 
personal protective devices, and methods of 
operation is anticipated in the near future. 
These positive results should pay dividends 
from the safety and industrial health view- 
point. 


Future Program 


On the basis of the findings of the study 
in 1954 and 1955, it is considered safe from 
the medical standpoint to limit the medical 
examinations in the future to those work- 


men engaged 50% or more of their working 
hours in sand blasting and paint spraying. 
Several suggestions from supervisors re- 
garding the need for the examination of 
workmen in other potentially hazardous oc- 
cupations, like welding and metalizing, and 
of workmen who exhibit symptoms of in- 
dustrial ailments will be taken into account 
in the program. The program will authorize 
the commanding officers to exercise discre- 
tion so that employees, excluded by virtue 
of the work-time limitation, can receive ex- 
aminations if typical symptoms of industrial 
ailments are exhibited or reported. 
J. F. Van _ ACKEREN, 
Surgeon General, USPHS 
Chief Medical Officer 
R. J. VAN DERWERKER, 
Engineer Director, USPHS 
Chief Sanitary Engineer Officer 
U. S. Coast Guard 


Assistant 


Sanitary 


Occupational Health and the Academic Life 


A college campus is rarely thought of as 
a dangerous place, and yet, when detailed 
consideration is given to many phases of 
education, a campus may well reflect, in 
miniature, a cross section of occupational 
health problems in less cloistered surround- 
ings. 

A number of colleges, aware of their 
occupational health problems, have employed 
full-time industrial hygienists within their 
health programs to supervise this phase of 
health lacking 
such personnel can benefit by calling upon 


maintenance. Institutions 
their official occupational health agencies for 
guidance. 

As an example, some months ago the 
Occupational Health Division of a Western 
State was asked to make a complete survey 
of a college in that State. The survey was 
sought by the college administration in the 
knowledge that a number of hazardous sub- 
stances and dangerous operations were go- 
ing on as a normal part of education. The 
survey was to include the occupational ex- 
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postures of students as well as of college 
employees. 

The first step taken by the industrial 
hygiene engineer assigned to the survey was 
to visit the campus and discuss the aims of 
the survey with college officials and depart- 
ment heads most likely to be concerned with 
occupational exposures. These included top 
administrators, deans of the various schools, 
department heads, the chief of dormitories, 
the athletic director, the superintendent of 
buildings and maintenance, and the phy- 
sician in charge of the student health pro- 
gram. 

In this initial conference, the industrial 
hygiene engineer explained the aims and 
methods of an occupational health survey, 
relating it directly to the special problems of 
a college. Part of this conference was edu- 
cational, since a majority of the college 
personnel were unfamiliar with the occu- 
pational health field. 

The survey took a week, and after evalu- 
ation of material a full report of findings 


OCCUPATIONAL HEALTH NEWS 


was submitted to the college officials. The 
report covered exposures to toxic and irri- 
tating materials, abnormal physical condi- 
tions, illumination, ventilation, noise, and 
other exposures usually associated with in- 
dustry. 

One important recommendation called for 
preplacement physical examinations for all 
employees. The students already were re- 
quired to have admittance examinations, 
and it was suggested that the same facilities 
be used for both nonteaching employees and 
faculty members. The industrial hygiene 
engineer also outlined a program of periodic 
health inventories of employees and_ stu- 
dents, with emphasis on health counseling 
and health maintenance. 

The remainder of the report listed spe- 
cific findings in many of the departments 


and proposed a number of changes to cor- 
rect hazardous conditions or to improve the 
working and teaching environment. 

The findings ranged from a suggestion 
that the intake on the print-shop ventilator 
be moved, to prevent it from drawing in 
hot air from the exhaust fan that cooled 
condensers and a boiler room in an adjacent 
building, to education in the hazards of 
carbon tetrachloride used for spot cleaning 
in the home economics department. 

From the summary of suggestions, recom- 
mendations, and findings it was apparent, 
both to the college administration and to the 
personnel of the State Occupational Health 
Division, that the academic life is not with- 
out occupational and 
occupational 
would be time well spent. 


exposures 
attention to 


that in- 
health 


creased 


Shielded Psychrometer for Measuring Enviromental 


Temperatures in the Presence of Radiant Heat 


The level of environmental temperature 
and humidity has a profound effect on 
worker fatigue. This effect, in turn, is 
reflected in the morale of the workers, their 
efficiency, and the quality and quantity of 
work output. During the summer months 
of 1956 the Kaiser Aluminum & Chemical 
Corporation, Chalmette Works, conducted a 
study to define and evaluate its employees’ 
exposure to elevated environmental tempera- 
tures and humidities. 

In the course of this study it was found 
that the standard type of sling psychrometer 
was not suitable for measuring wet- and 
dry-bulb temperatures in the work area be- 
cause of the adverse effects of radiant heat 
on the exposed thermometers. In addition 
to the inaccuracy of measurements taken 
with the typical sling psychrometer, it was 
difficult for the observers to stand a suffi- 
cient period of time in some locations to 
allow the thermometer to reach equilibrium 
the radiant heat 


because of exposure. A 


third disadvantage of the sling psychro- 
meter for this particular study was the high 
rate of thermometer breakage due to meas- 
urements taken in congested or confined 
areas of the plant. 

To fill the particular need for an instru- 
ment to measure wet- and dry-bulb tem- 
heat 
exposures, a comparatively simple device 
The 


this device are shown in Figure 1 and are 


peratures in areas of radiant 


high 


was developed. component parts of 
numbered from 1 through 8. The parts may 
be described as follows: 

1. Wet- and dry-bulb thermometer, range 
0-220 F 
clamp. The upper clamp has projec- 
tions which fit into slots cut in the top 


coupled by an aluminum 


of the aluminum tube (3). 
Spring steel clip which fastens across 
the aluminum tube (3), holding the 


thermometer in position. 
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Fig 


> 


A. 


1—Component parts of psychrometer. 


Aluminum tubing, thin wall, 1% in. in 
( Dis- 


carded electrostatic precipitator sam- 


diameter and 6% in. in length. 
pling tube.) The surfaces of the tub- 
ing are highly polished. 
Nut and bolt, % in. by 1% 
secure tube to the fan scroll (5). 
6, 7, and 8. Fan scroll (5), electric 
motor and air impeller assembly (6), 
motor and battery housing (7), and 
standard flashlight batteries (8) con- 
stitute a complete unit, initially pur- 
chased at a local department store. 
This unit is trade-named “Combina- 
tion Vacolite.” The Vacolite is in- 
tended to be used as a hand vacuum 
cleaner for clothing or upholstery. The 
brush bristles have been removed from 
the outer face of the fan scroll, and 
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Fig. 2——Psychrometer assembled just before in- 
sertion of wet- and dry-bulb thermometers. 


the fan scroll and motor housing are 
painted with high-luster 
paint. The Vacolite unit, along with 
replacement motors and air impellers, 
can be purchased from the National 
Silver Company, 241 Fifth Avenue, 
New York. 


aluminum 


Fig. 3.—Using psy- 
chrometer in a place 
where it would be ex- 
tremely difficult, as well 
as uncomfortable, to use 
sling-type psychrometer. 


4 3 
‘ts 
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thermometers removed 


the 
from the aluminum tube (Fig. 2) for the 


In use, are 
purpose of applying water to the wet-bulb 
thermometer. This is quickly accomplished 
by releasing the spring clip at the top of 
the tube. The fan moves air through the 
tube at a velocity of approximately 1000 
ft. per minute, and the thermometers stabil- 
ize in 114 minutes. It was observed that 
this device is very sensitive to temperature 
changes due to hot or cool stray air cur- 
rents moving through the sampling area. 
This sensitivity is noted in or out of the 


influence of radiant heat. Identical readings 


were obtained when comparative measure- 
ments with a standard sling psychrometer 
made the influence of 
Figure 3 illustrates a crew 
obtaining temperature measurements near a 
moderately high radiant heat source. Dur- 
ing the study all temperature determinations 


were away from 


radiant heat. 


were read without removing the thermom- 
eters from the tube. Battery life for the 
two cells is approximately 10 hours of 
continuous operation, and motor life is un- 
determined, since there have been no fail- 
ures, 


INDUSTRIAL HYGIENE RECORDS 
AID HOUSTON DEPARTMENT 


In Houston, Texas, industrial hygiene is 
a function of the Public Health Engineering 
Division of the Houston City Health De- 
partment. The Division is headed by a 
Public Health Engineer, who is assisted by 
four field personnel with intensive training 
in basic sciences related to industrial hy- 
giene. 

Secause of the disparity in the salaries 
paid to industrial hygienists in industry and 
in municipal service, there is a frequent 
turnover of industrial hygiene personnel in 
Under 
these circumstances, one of the major needs 


the Public Engineering Division. 


of the Division is a well-organized records 
system so that a new industrial hygienist 
can follow the footsteps of his predecessor 
in any plant with an adequate knowledge 
of what has been found in previous inspec- 
tions. The complete records system is also 
of great help in making resurveys, since an 
industrial hygienist need only refer to a 
plant record card to refresh his memory 
on an earlier survey and find out what 
changes were recommended at that time. 
Well organized records systems also in- 
crease the efficiency of the Division, make 
office control of field personnel simpler and 


more complete, provide facts for divisional 
program planning, and make statistical in- 
formation readily available. 

The Vital Statistics Division of the Hous- 
ton Health Department has IBM machines, 
including two key-punch machines, a card 
sorter, and a tabulator for keeping its own 
records and statistical reports. These ma- 
chines, as well as the advice and assistance 
of the personnel of the Vital Statistics Di- 
available to the 
industrial hygiene program. 


vision, have been made 


The City Problem 


The city of Houston has within its boun- 
daries slightly more than 2000 industrial 
and commercial establishments whose activi- 
ties involve some type of actual or potential 
addition, there are 
more than 2000 other establishments which 
are potentially of interest to the industrial 


industrial hazard. In 


hygienist. Routine field surveys are made 
The 


firms in the second group are given occa- 


in the first group of establishments. 


sional checks to be sure that they have not 


changed from nonindustrial to industrial 


operation. 
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This latter group includes, but is not (Fig. 1) designed to record information in 
limited to, local offices of national firms, the field for the office records. The bottom 
sales representatives, jobbers, and similar section of it is perforated for tear-off as a 
purely commercial operations that might notification of recommendations to the plant 
have occasion to handle hazardous materials surveyed. The items printed with numbers 
but would not do so in the normal course in parenthesis are coded and recorded on 
of operations. an International Business Machine card. 
The numbers indicate the columns on the 
card in which this information is recorded. 

The record forms consist of the follow- Only a divisional file copy is made of this 
ing: An industrial hygiene survey form survey form. An IBM card (Fig. 2) is 


Forms Used 


CITY OF HOUSTON HEALTH DEPARTMENT 
INDUSTRIAL HYGIENE SURVEY FORM 


A-Z Fouwory ___census X 
avonsss ea: 470/ M/ACKER - FOO 


OFFICIALS: Name 
Name 


Name 
Name 
HOME OFFICE: SAme 


TVPE OF BUSINESS wngpMerai Castive (Cheap sup Aluminum) 
SO. EMPLOYEES: Male pemate No, 


INDUSTRIAL HAZARDS (56-58). 


Survey 
Fig. 1—This is a (7-1 


Survey Form filled out 
for the A Z Foundry. 
The circled figures are 
the codes which -are 


rime A-2 


ht) MEAT TABLET 


A. M. A. 
LIGHTING (00): AWD survey 
NOISE (61): Intensity 
HEAT (62): Type. = Owe Newded J 
VENTILATION (63): Type. 4 QA 
MEDICAL DIV: Nurses (64). Med. Care (5 aa (os) 
FIRE PREVENTION: OA 
DRINKING WATER: Bource (67 ‘ Method of Cooling 
CITY OF HOUSTON HEALTH DEPARTMENT 
om... 
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| 
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= 


“John Johns (Mgr) 
Joe Jones (Plant Supt) 
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333333333333333 333333333 


ZONE 
(lead and 444 


BR-6-1,004 PO 
rye oF Metal casting 
alumivvum) 
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3 


6, 
17 


Heat, lead fumes noise 


INOUSTRIA. AZAROS 


Same 


661604 


Fig. 2—The IBM card, punched for the 


coded form, all pertinent information contained in the form. 
of use to other municipal agencies and civic organizations. 


used to record certain information on the 
survey form. This includes 
firm name, address, census tract, businéss 
type 


information 


(39 classifications), number of male 
and female employees, three major actual 
or potential (9 
major hazard special study need (9 classi- 


hazards classifications ) , 
fications), special studies completed, status 
of medical facilities, including nurses, doc- 
tors, and first aid (3 classifications each), 
drinking water facilities, including special 
study need (6 classifications), air pollution 
status (9 general types, quantity, and 8 
types of ultimate disposal), liquid wastes 
status (9 general types, quantity, and 7 
types of ultimate disposal), in-plant food 
service (5 classifications), month and year 
of inspection, and inspecting industrial 
hygienist. 

Attention is called to the fact that all of 
the information recorded on this card 
essentially basic. It is all either about the 
plant and its facilities or is the information 
necessary for control by the industrial hy- 
gienist. No attempt is made to show the 
recommendations or corrections on the card. 

A master IBM card is made, including 
typewritten names and titles of officials, the 
telephone number, P. O. box number, postal 
zone, type of business, industrial hazards, 
and, if it is not a local company, the home 
office. A duplicate statistical copy of dif- 


is 


A Z Foundry from the survey form gives, in 
It also carries information 


ferent color is made without the typewritten 
information. The are filed 
alphabetically for quick reference. The sta- 
tistical copy is used for the compiling of 
information, for preparing special reports, 
and for printing field work assignments for 
the industrial hygienist. 


master cards 


In addition, there are special forms for 
recording information obtained during spe- 
cial studies. 

Several of statistical information 
are compiled annually. These include such 
reports as the most current census of estab- 
lishments and employees by type of business 
and by census tract, census of establish- 


types 


ments and employees in need of special 
studies and those for which special studies 
have been completed, number of establish- 
ments and employees by business type ex- 
posed to each type of potential hazard, 
number of businesses and employees con- 
tacted within the calendar year, and a 
summary of conditions found in the plants 
which have been inspected. 

Special reports are prepared for other 
governmental departments and divisions and 
civic agencies for information and aid in 
their work. Lists of establishments by the 
liquid wastes they discharge into the sani- 
tary and storm sewers are prepared for the 
Houston Department of Public Works, lists 
of establishments by their discharge to the 
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air or to storm sewers are made up for the 
Harris County Division of Stream and Air 
Pollution, establishments with food-han- 
dling facilities are tabulated for the Food 
Inspection Section of the Houston Health 
Department Division of Sanitary Inspec- 
tion; lists of establishments by number of 
employees are prepared for the Houston 
Chamber of Commerce, and names of em- 
ployees without first aid training and where 
they work are reported to the Houston 
Chapter of the American Red Cross. 

The city is divided into territories, with a 
territory assigned to each industrial hygien- 
ist. All territory boundary lines conform 
with census tract boundary lines. The Cen- 
sus Tract Directory of Streets and Roads, 
Harris County, Texas, a publication of the 
Houston Chamber of Commerce, is used to 
code each plant into the proper tract. Lists 
of the plants in each census tract are printed 
from the statistical cards with the use of 
the IBM tabulator. These lists are used as 
field work assignment sheets (Fig. 3). 
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The card used for each plant covers the 
last previously recorded routine survey of 
the plant. The information included on the 
work assignment sheet is as follows: ad- 
dress; firm name; coded type of business; 
number of male and female employees; 
coded potential hazards and special study 
need of these hazards; coded status of light- 
ing, noise, heat, and ventilation and special 
study need of these items; indication of 
the existence of previous special studies; the 
month and year of the last previous survey, 
and the industrial hygienist who made the 
last previous survey. The IBM tabulator 
lists 27 plants per sheet. One sheet is as- 
signed at a time, and a census tract is 
completed before another is begun. 

Before going into the field with a new 
sheet, the industrial hygienist reads all re- 
ports of special plant studies and lists the 
recommendations made during the last pre- 
vious survey of each plant. 

The field survey forms are filed alpha- 


betically. The file covers a period of over 
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—Here is a work assignment sheet for a part of Census Tract No. 10X. From it 


the indvateial hygiene field worker can get capsule information on every plant or office in 


the area that might present an industrial hygiene problem. 


The work sheet also shows when 


recent inspections were made in each plant and indicates if any special reports on the plants 


are in other files. 
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three and one-half years, dating from the 
initiation of this record system. Tentatively, 
it is planned to keep a four- to five-year 
record, 

The IBM cards, as previously mentioned, 
are filed in two ways: the master cards 
alphabetically and the statistical cards with- 
out order. All master cards are being left 
in the file indefinitely. Statistical cards rep- 
resenting surveys which have been super- 
seded by resurveys are given a special punch 
to indicate obsolescence and placed in an 
inactive file. These are only used when 
additional statistics or reports for a specific 
year are desired. 

The cost of such a system is difficult to 
calculate. It is hard to estimate the time 
involved in designing it. One major false 
start was made in Houston by originally 
creating a code system which was far too 
detailed and complicated. 

Operational time is easier to estimate. 
Coding the survey form, punching the mas- 
ter IBM card from it, proof reading the 
card against the survey form, typing the 
additional information on the master card, 
and reproducing the statistical card from 
the master card takes three minutes, or less, 
per card, depending upon the experience 


and dexterity of the worker. Sorting cards 
preparatory to the compilation of a report 
requires one-half to one hour depending 
upon the type and bulk of the report being 
compiled. Wiring of the IBM tabulator 
control board, from a previously prepared 
wiring diagram, requires 15 to 30 minutes, 
depending upon the amount of wiring neces- 
sary for the particular report involved. 


It can be safely said that cost accounting 
is not necessary to determine the advantages 
in economy and efficiency of this system. 
The high degree of accuracy and the broad 
scope of information available with this 
system makes it possible (1) to evaluate the 
needs of the program; (2) to know specific- 
ally at any time what type of work is re- 
quired and to set up priorities; (3) to know 
at any time what work has been accom- 
plished; (4) to evaluate the program both 
as to work need and work accomplish- 
ments, and (5) to be continuously in com- 
plete controi of the field program with a 
minimum of preparation for planning and 
direction. 

Alan C. Love, M.S. 
Public Health Engineer 


Houston Health Department 
Houston, Texas 


Hazards from Laboratory Refrigerators 


The Occupational Health Newsletter of the Environmental Research 
Laboratory, University of Washington School of Medicine, calls attention 


to the possibility that explosions may occur in laboratory refrigerators when 
volatile inflammable materials are improperly stored in them. Either the 


door light switch or the contacts of the thermometer regulator are capable 
of producing sparks to ignite combustible substances that are stored in a 
refrigerator. In one case cited by the Washington publication, explosive 
fumes from an alcohol bath stored in a refrigerator hurled the door 18 ft. 
when they were ignited. In another case, a door was tossed 10 ft. by 
explosion of a saturated solution of hydrochloric acid and ether. 

It was recalled that in recent years three industrial hygiene laboratories 
have reported similar explosions of flammable materials stored in labora- 
tory refrigerators. Fortunately in none of these cases were there injuries. 

The Newsletter article adds that a check of refrigerators in the En- 
vironmental Research Laboratory resulted in the elimination of several 
potential explosion sources. It suggests that similar checks in other 
laboratories might produce like results. 
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Field Markings Are Seasonal Hazard for 


Football Players 


Lime, when used for marking the white lines on a football field, can 
constitute an occupational hazard for the players, according to a warning 
from Dr. Ralph R. Sullivan, Director of the Occupational Health Section, 
Oregon State Board of Health. 

The marking material in commonest use is calcium oxide, also known 
as quicklime, unslaked lime or burnt lime, and is an extremely caustic 
substance. Players who risk having the lime rubbed into their skin can 
suffer burns. The lime could also cause severe eye damage. 

Calcium hydroxide, known as slaked or hydrated lime, also has been 
used for line marking and is less caustic. But Dr. Sullivan suggests that 
gypsum or chalk be used to mark the lines, thereby eliminating a needless 
hazard. 


This is the last issue of “Occupational Health News,” introduced 18 months 
ago in an attempt to fill the void left by the suspension of the Public Health 
Service periodical, Occupational Health. The primary purpose of this section 
has been to serve as a clearinghouse of current activities of governmental and 
other agencies in the occupational health field. This objective regrettably has not 
been completely satisfied. With reluctance to terminate a pleasant association 
and an excellent working relationship, the A. M.A. ARCHIVES OF INDUSTRIAL 
HeattH and the Occupational Health Program of the U. S. Public Health Service 
have jointly decided to discontinue the section. 
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